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1. Introduction 

In the real world, an organization may input data in a Excel-like spreadsheet of rows with 

implicit parent-child relationships as in Table 1. Here, a row with an implicit parent-child 

relationship has no reference fields to its parent row. The organization then has an application to 

display and input the data. However, the application‟s user interface component for displaying 

and inputting the data is a tree type user interface component. The data‟s structure as in Table 1 

cannot bind with the tree type user interface component. Further, queries on Table 1 (e.g. getting 

the child rows of any row) are complicated. Converting the spreadsheet to a database table of 

rows with explicit parent-child relationships as in Table 2 can solve these issues. Each row in the 

table is added three more fields: “ID” to identify the row, “Parent ID” to refer to the row‟s parent 

explicitly and “Birth order” of the row. The table is a self-referencing table with a parent-child 

hierarchy. This paper proposes an efficient algorithm for the converting problem. 

Table 1. Input spreadsheet sample 

Number Title Other data 

I Row 1 Row data 1 

1 Row 2 Row data 2 

a Row 3 Row data 3 

b Row 4 Row data 4 

- Row5 Row data 5 

- Row 6 Row data 6 

2 Row 7 Row data 7 

II Row 8 Row data 8 

1 Row 9 Row data 9 

a Row 10 Row data 10 

- Row 11 Row data 11 

- Row 12 Row data 12 

- Row 13 Row data 13 

b Row 14 Row data 14 

2 Row 15 Row data 15 

a Row 16 Row data 16 

b Row 17 Row data 17 

c Row 18 Row data 18 

There has been a variety of studies on the problem of converting difficult to use data to easy to 

use one in real world applications. An algorithm is developed to convert tabular data into images 

for deep learning in [1]. The study in [2] imports data from MySQL to Hadoop. A user-friendly 

application is introduced to convert source data to brain imaging data structure for analyses of 

brain function and anatomy in [3]. The studies in [4] - [6] convert spreadsheets into a database, 

but they do not consider spreadsheets of rows with implicit parent-child relationships. The studies 

in [7], [8] propose a two-phase semiautomatic system that extracts accurate relational metadata in 

spreadsheets while minimizing user effort. They consider implicit parent-child relationships 

between rows. However, the relationships are checked for all row pairs, where typographic style 

and geometric distance between two rows are first checked for no more checking. The studies in [9], [10] 

also search for parent-child pairs among row labels, but they don‟t describe the algorithm for 

parent-child pairs search in details. If the number of rows in a spreadsheet is n, the number of all 

row pairs is n*(n-1)/2. Therefore, if an algorithm checks the parent-child relationships of all row 

pairs, its time complexity is O(n
2
). The algorithm proposed in this paper uses the level and order 

of each row for determining its parent. The parent of a row is determined directly by its level, 

thus the number of pairs to be considered is the number of rows in the spreadsheet (i.e. the 

number of row pairs to be considered is minimum). The algorithm‟s time complexity is O(n). 
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Table 2. Database table sample 

ID Parent ID Birth order Number Title Other data 

1  1 I Row 1 Row data 1 

2 1 1 1 Row 2 Row data 2 

3 2 1 a Row 3 Row data 3 

4 2 2 b Row 4 Row data 4 

5 4 1 - Row 5 Row data 5 

6 4 2 - Row 6 Row data 6 

7 1 2 2 Row 7 Row data 7 

8  2 II Row 8 Row data 8 

9 8 1 1 Row 9 Row data 9 

10 9 1 a Row 10 Row data 10 

11 10 1 - Row 11 Row data 11 

12 10 2 - Row 12 Row data 12 

13 10 3 - Row 13 Row data 13 

14 9 2 b Row 14 Row data 14 

15 8 2 2 Row 15 Row data 15 

16 15 1 a Row 16 Row data 16 

17 15 2 b Row 17 Row data 17 

18 15 3 c Row 18 Row data 18 

The following sections include: section 2 presents the proposed algorithm, section 3 presents 

the algorithm‟s analysis, and the last section is conclusion. 

2. Proposed algorithm 

The proposed algorithm for converting data is in Algorithm 1, in Python pseudocode. It has an 

input of a spreadsheet of n rows with implicit parent-child relationships and outputs a database 

table of n rows with explicit parent-child relationships. The algorithm goes through each row in 

the input spreadsheet and works out id, parentID and birthOrder that are the current row‟s 

identifier, parent identifier and birth order respectively. It uses two integer lists idList and 

birthOrderList with elements being numbered from 0. The idList and birthOrderList store IDs 

and birthOrders of rows at lower levels or at the same level with the current row. Each level has 

only one element in the lists. The elements idList[i] and birthOrderList[i] are the id and 

birthOrder of the row at level i in the branch from a row at level 0 to the current row. A branch is 

a set of ordered rows, a row at level i is the parent of a row at level i + 1. The variable id is 

initialized as 0 to assign to a row‟s id. In each step of the for loop, id is increased by 1, and is 

assigned to the current row‟id; the current row‟s number, title and otherData fields are 

determined, based on the cell0, cell1 and cell2 of the current row. The current row‟s level is 

worked out, based on its number. For example, the row‟s level is 0 if its number is a Roman number, 

is 1 if its number is a natural number, is 3 if its number is a alphabet leter from „a‟ to „z‟, is 4 if its 

number is a hyphen. This paper assumes that a row‟s level is determined correctly. A system can have 

a different spreadsheet content format, hence a different method can be applied for row-level 

determination. Then the current row‟s id, parentID and birthOrder are determined as follows: 

 Line 10-19: If the current row‟s level is equal to 0, its parent does not exist, hence its 

parentID is assigned as None. 

o If the birthOrderList has no elements, the current row‟s birthOder is 1. 

o Otherwise the current row‟s birthOrder is birthOrderList[0] + 1, i.e. its birthOrder is 

the birthOrder of its adjacent elder brother row at level 0; the idList and birthOderList 

are then cleared. 

o Store the current row‟s id and birthOder in the idList and birthOrderList for working 

out parentID and birthOrder of the next rows. 
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Algorithm 1. Data converting algorithm 

 Input: A spreadsheet containing rows with implicit parent-child relationships. Its structure 

is presented in Table 1. Assume that the spreadsheet has n rows being numbered from 0. 

 Output: A database table containing n rows with parent-child relationships and birth 

orders explicitly identified by id, parentID and birthOrder fields. 

1  idList = [] 

2  birthOrderList =[]  

3  id = 0 

4  for i in range(0, n): 

5   id = id + 1     //  the current row’s id 

6   number = get the current row’s number from cell0 of rowi 

7   title = get the current row’s title from cell1 of rowi 

8   otherData = get the current row’s other data from cell2 of rowi 

9   level = determine the current row’s level from cell0 of rowi (i.e. its number) 

10   if level == 0: 

11    parentID = None 

12    if (len(birthOrderList)==0):    //  birthOrderList is empty 

13     birthOrder = 1 

14    else: 

15     birthOrder = birthOrderList[0] + 1 

16     idList = [] 

17     birthOrderList = [] 

18    idList.append(id) 

19    birthOrderList.append(birthOrder) 

20   if level > 0: 

21    parentID = idList[level-1] 

22    while (level<len(idList)-1): 

23     idList.pop() 

24     birthOrderList.pop() 

25    if (level==len(idList)-1): 

26     idList [len(idList)-1] = id 

27     birthOrder = birthOrderList[len(birthOrderList)-1] + 1 

28     birthOrderList[len(birthOrderList)-1] = birthOrder 

29    elif (level>len(idList)-1): 

30     idList.append(id)    

31     birthOrder = 1  

32     birthOrderList.append(1) 

33   Insert a record with information of the current row including id, parentID, 

birthOrder, number, title and otherData to the output database table. 

 

 Line 20-32: If the current row‟s level is greater than 0, its parentID is idList[level – 1], i.e. 

the id of the row at the previous level. 

o Line 22-24: if the current row‟s level < len(idList) – 1 (i.e. it‟s level is less than the 

level of the row corresponding to the last element in the idList), elements at levels higher than the 

current row‟s level are removed from the idList and birthOrderList, until the current row‟s level 

is equal to the level of the row corresponding to the last element in the idList). 

o Line 25-28: If the current row‟s level = len(idList)-1 (i.e. it‟s level is equal to the level of the 

row corresponding to the last element in the idList or birthOrderList), its birthOrder is the birthOrder 

of the last element in birthOderList plus 1. Then, the last elements in the idList and birthOrderList are 

updated as the current row‟s id and birthOrder. 
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o Line 29-32: If the current row‟s level > len(idList)-1 (i.e. the current row‟s level is greater 

than the level of the row corresponding to last element in the idList or birthOrderList), its level is 

1, since the current row is the first row at its level. The current row‟s id and birthOrder are stored 

in the idList and birthOrderList for determining the next rows‟ id and birthOrder. 

 Line 33: Insert a record with information of the current row including id, parentID, 

birthOrder, number, title and otherData to the output database table. 

Running the algorithm with the input spreadsheet in Table 1, we received the outputs step by 

step as shown in Table 3. The algorithm‟s first step of is the initialization step, where the idList 

and birthOrderList are initialized as empty; and the variable id for assigning to a row‟s id is 

initialized as 0. Each following step of the algorithm is an iteration of the for loop corresponding 

to a row. A step has inputs of id, idList and birthOrderList from its previous step and a row in the 

input spreadsheet and it outputs a row in the database table with the columns of number, level, id, 

parentID and birthOrder and updates the idList and birthOrderList. The following is the 

explanation for each step corresponding to a row. 

 Row 1: the current row‟s level is 0; its id is 1 (id = id + 1 = 1); its level is 0 (i.e. it is not a 

child of any row), hence its parentID is None; the step‟s input birthOrderList is empty, hence its 

birthOrder is 1; the current row‟s id and birthOrder are appended to the idList and 

birthOrderList respectively for determining the next rows‟ parentID and birthOrder, the lists 

after appending are: idList = [1] and birthOrderList = [1]. 

 Row 2: the current row‟s level is 1; its id is 2 (id = id + 1 = 2); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[0] = 1 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level > len(idList) – 1, (i.e. its level is 

greater than the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence its birthOrder is 1 (the current row is the first row at its level); the current 

row‟s id and birthOrder are append to the idList and birthOrderList respectively for determining 

the next rows‟ parentID and birthOrder, the lists after appending are: idList = [1, 2] and 

birthOrderList = [1, 1]. 

 Row 3: the current row‟s level is 2; its id is 3 (id = id + 1 = 3); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[1] = 2 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level > len(idList) – 1, (i.e. its level is 

greater than the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence its birthOrder is 1 (the current row is the first row at its level); the current 

row‟s id and birthOrder are appended to the idList and birthOrderList respectively for 

determining the next rows‟ parentID and birthOrder, the lists after appending are: idList = [1, 2, 

3] and birthOrderList = [1, 1, 1]. 

 Row 4: the current row‟s level is 2; its id is 4 (id = id + 1 = 4); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[1] = 2 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level = len(idList) – 1, (i.e. its level is equal 

to the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence its birthOrder is the last birthOrder in the birthOrderList plus 1 equal to 

2; the last elements in the idList and birthOrderList are updated as the current row‟ id and 

birthOrder, the lists after updating are: idList = [1, 2, 4] and birthOrderList = [1, 1, 2]. 

 Row 5: the current row‟s level is 3; its id is 5 (id = id + 1 = 5); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[2] = 4 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level > len(idList) – 1, (i.e. its level is 

greater than the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence its birthOrder is 1 (the current row is the first row at its level); the current 

row‟s id and birthOrder are appended to the idList and birthOrderList respectively for 
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determining the next rows‟ parentID and birthOrder, the lists after appending are: idList = [1, 2, 

4, 5] and birthOrderList = [1, 1, 2, 1]. 

 Row 6: the current row‟s level is 3; its id is 6 (id = id + 1 = 6); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[2] = 4 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level = len(idList) – 1, (i.e. its level is equal 

to the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence its birthOrder is the last birthOrder in the birthOrderList plus 1 equal to 

2; the last elements in the idList and birthOrderList are updated as the current row‟ id and 

birthOrder, the lists after updating are: idList = [1, 2, 4, 6] and birthOrderList = [1, 1, 2, 2]. 

 Row 7: the current row‟s level is 1; its id is 7 (id = id + 1 = 7); its level is greater than 0, 

hence its parentID is idList[level – 1] = idList[0] = 1 (i.e. its parentID is the id of the row at the 

previous level, stored in the idList); the current row‟s level < len(idList) – 1, (i.e. its level is less 

than the level of the row corresponding to the last element in the step‟s input idList or 

birthOrderList), hence the algorithm removes all the elements in the idList and birthOrderList at 

levels less than the current row‟s level (these elements are no longer be used for determining the 

next rows‟ parentID and birthOrder), the lists after removing are: idList = [1, 2] and 

birthOrderList = [1, 1]; for these new lists, the current row‟s level = len(idList) -1 (i.e. its level is 

the level of the row corresponding to the last element in the idList or birthOrderList), hence its 

birthOrder is the last birthOrder in the birthOrderList plus 1 equal to 2; the last elements in the 

idList and birthOrderList are updated as the current row‟ id and birthOrder, the lists after 

updating are: idList = [1, 7] and birthOrderList = [1, 2]. 

 Row 8: the current row‟s level is 0; its id is 8 (id = id + 1 = 8); its level is 0 (i.e. it is not a 

child of any row), hence parentID is None; the step‟s input birthOrderList is not empty, hence its 

birthOrder is birthOrderList[0] + 1 (i.e. its birthOrder is the birthOrder of the above row at level 

0 plus 1), equal to 2; all the elements in the idList and birthOrderList are removed; the current 

row‟s id and birthOrder are appended to the idList and birthOrderList respectively for 

determining the next rows‟ parentID and birthOrder, the updated lists are: idList = [8] and 

birthOrderList = [2]. 

 Explanation for the next rows is similar to the above. 

Table 3. The outputs of the algorithm step by step  

Step Number Level ID parentID birthOrder idList birthOrderList 

Init   0     

Row  1 I 0 1  1 1 1 

Row  2 1 1 2 1 1 1, 2 1, 1 

Row  3 a 2 3 2 1 1, 2, 3 1, 1, 1 

Row  4 b 2 4 2 2 1, 2, 4 1, 1, 2 

Row  5 - 3 5 4 1 1, 2, 4, 5 1, 1, 2, 1 

Row  6 - 3 6 4 2 1, 2, 4, 6 1, 1, 2, 2 

Row  7 2 1 7 1 2 1, 7 1, 2 

Row  8 II 0 8  2 8 2 

Row  9 1 1 9 8 1 8, 9 2, 1 

Row  10 a 2 10 9 1 8, 9, 10 2, 1, 1 

Row  11 - 3 11 10 1 8, 9, 10, 11 2, 1, 1, 1 

Row  12 - 3 12 10 2 8, 9, 10, 12 2, 1, 1, 2 

Row  13 - 3 13 10 3 8, 9, 10, 13 2, 1, 1, 3 

Row  14 b 2 14 9 2 8, 9, 14 2, 1, 2 

Row  15 2 1 15 8 2 8, 15 2, 2 

Row  16 a 2 16 15 1 8, 15, 16 2, 2, 1 

Row  17 b 2 17 15 2 8, 15, 17 2, 2, 2 

Row  18 c 2 18 15 3 8, 15, 18 2, 2, 3 
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3. Algorithm analysis 

We can see that the number of executions of a statement in each iteration of the outer for loop 

is 0 or 1, except for the number of executions of a statement in the inner while loop. The inner 

while loop takes elements out of the idList and birthOrderList. The numbers of taken out 

elements can be different in different iterations of the outer for loop. However, the total number 

of taken out elements in all the iterations can‟t be greater than the number of rows in the input 

spreadsheet, since a row‟s id and birthOrder can be pushed into the lists only one time. Thus, the 

algorithm‟s time complexity is O(n), where n is the number of rows in the input spreadsheet. 

For the algorithm‟s memory space, the algorithm uses the two lists: idList and birthOrderList 

with dynamic sizes and a few integer and string variables. However, the maximum size of the 

idList and birthOrderList doesn‟t exceed the number of different levels used to assign to the 

spreadsheet‟s rows. 

4. Conclusion 

In this paper, we proposed an efficient algorithm for converting data from a spreadsheet 

containing rows with implicit parent-child relationships to a database table containing rows with 

explicit parent-child relationships and defined birth orders. The algorithm‟s time complexity is 

O(n), where n is the number of rows in the input spreadsheet.  For the algorithm‟s memory space, 

the algorithm uses two integer lists with dynamic sizes and a few number of integer and string 

variables. However, the maximum size of the integer lists doesn‟t exceed the number of different 

levels used to assign to the spreadsheet‟s rows. 
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