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ABSTRACT
In the field of computer science, the efficient management of data structures such as vectors (lists) is a foundational concern in
algorithm design. Duplicate elements in a vector can result in erroneous computations, inflated data sizes, and unnecessary

consumption of memory.

The del_dup() function addresses this challenge by traversing the entire vector and popping (removing) each duplicate
element while preserving the first occurrence and the relative order of unique elements. Complementing this, the dict_pop() function
provides an efficient mechanism to remove a specified element from a vector by leveraging Python's dictionary for frequency
tracking, thereby combining the strengths of O(1) hash-based lookup with standard vector pop operations.

This manuscript presents the complete design, step-by-step algorithmic description, Python implementation, and complexity
analysis of both functions, followed by a comprehensive case study demonstrating their practical utility in a real-world data

management scenario.
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1. INTRODUCTION

A vector, in the context of programming, is an ordered,
mutable collection of elements — often implemented as a list
or dynamic array — that supports a wide variety of operations
including insertion, deletion, traversal, and searching. Vectors
are among the most universally employed data structures across
all domains of software development, from scientific
computing to database systems and machine learning pipelines.

One of the most common data quality problems
encountered in real-world applications is the presence of
duplicate values within a vector. Duplicates can arise from data
entry errors, the merging of multiple datasets, repeated data
acquisition cycles, or faulty data pipelines. If left unresolved,
duplicate entries lead to skewed analytical results, redundant
memory usage, and integrity violations in downstream
processes.

The del_dup() function is designed to solve this problem
by efficiently iterating through a vector and physically popping
all duplicate entries, retaining only the first occurrence of each
unique element and preserving the original order of the data.
The function employs a Python dictionary as a frequency-
tracking mechanism, providing O(1) average lookup time for
each element and reducing the overall time complexity from
O(n?) (naive nested-loop approach) to O(n).

Complementing del_dup(), the dict_pop() function
demonstrates how dictionary-based frequency management can
enhance targeted element removal from a vector. Given a
specific element, dict_pop() pre-computes a frequency
dictionary, locates the first occurrence of the target element,
performs the pop operation, and updates the frequency
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dictionary accordingly. This combined approach offers both
precision and efficiency in vector manipulation tasks.

2. RELATED WORK

Research in data deduplication spans multiple domains,
from database management and information retrieval to
distributed systems and stream processing. Classical sorting-
based deduplication approaches, such as those based on Merge
Sort or Quick Sort, require O(n log n) time to first sort the data
and then perform a linear scan to remove duplicates. While
effective, these methods fundamentally alter the original
ordering of elements, rendering them unsuitable for order-
sensitive applications.

Hash-based deduplication, which forms the conceptual
foundation of del_dup(), has been extensively studied in the
context of streaming algorithms, counting sort, and frequency
analysis. Python's built-in dictionary — a hash map
implementation — provides amortized O(1) time for insertions,
deletions, and lookups, making it an ideal data structure for
frequency tracking during a single-pass traversal of the input
vector.

The use of frequency dictionaries to augment vector
operations has been applied in well-known algorithms such as
the Boyer—Moore Majority Vote algorithm, the Counting Sort
algorithm, and various sliding-window frequency problems.
The present work extends this paradigm to provide clean,
readable, and efficient Python implementations of vector
deduplication and targeted element removal.
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3. METHODOLOGY
The del_dup() function operates by initializing an empty
frequency dictionary (freq_dict) and an empty result list. It
performs a single sequential traversal of the input vector. For
each element encountered:

(i) If the element is not yet present in freq_dict, it is added
with a count of 1 and appended to the result list (retained
as a unique element).

(if) If the element already exists in freq_dict (indicating a
duplicate), its frequency count is incremented and it is
effectively popped — excluded from the result.

This single-pass strategy ensures that the original
relative order of unique elements is maintained, which is a
critical requirement for order-sensitive data processing. The

4. OUTPUT STRUCTURE OF del_dup()

The following example illustrates the operation of del_dup()
on a sample input vector. The input contains nine elements, of
which three distinct values appear more than once.

Input Vector : [64, 23, 64, 89, 23, 45, 89, 12, 64]
Element | First | Frequency Status
Seen in Input
At
Index
64 0 3 Retained (2
duplicates
popped)
23 1 2 Retained (1
duplicate
popped)
89 3 2 Retained (1
duplicate
popped)
45 5 1 Retained
(unique)
12 7 1 Retained
(unique)

Output Vector : [64, 23, 89, 45, 12]
Frequency Dictionary : {64: 3, 23: 2, 89: 2,45: 1, 12: 1}
Duplicates Popped : {64: 2, 23:1,89: 1}

5. FUNCTIONING OF del_dup()

When the function is called with the vector [64, 23, 64, 89, 23,
45, 89, 12, 64], the algorithm processes each element in
sequence as follows:

Step Current Action Result List State
Element
1 64 Not in dict [64]
— Add to
dict (64:1),
retain
2 23 Not in dict [64, 23]
— Add to
dict (23:1),
retain
3 64 Already in [64, 23]
dict —
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function returns three values: the deduplicated result vector, the
complete frequency dictionary, and a dictionary cataloguing the
number of times each element was popped.

The dict_pop() function is designed for targeted
removal. It first builds a complete frequency dictionary from
the input vector in O(n) time. It then checks for the presence of
the specified element. If found, it obtains the index of the first
occurrence using list.index(), performs a pop at that index, and
decrements the element's count in the dictionary (deleting the
key entirely if the count reaches zero). This approach ensures
consistency between the vector state and the frequency
dictionary at all times.

Increment
to 64:2,
POP
Not in dict
— Add to
dict (89:1),
retain
Already in
dict —
Increment
to 23:2,
POP
Not in dict
— Add to
dict (45:1),
retain
Already in
dict —
Increment
t0 89:2,
POP
Not in dict
— Add to
dict (12:1),
retain
Already in
dict —
Increment
to 64:3,
POP

[64, 23, 89]

[64, 23, 89]

[64, 23, 89, 45]

[64, 23, 89, 45]

[64, 23, 89, 45, 12]

[64, 23, 89, 45, 12]

As evident from the table above, whenever a duplicate is
encountered at steps 3, 5, 7, and 9, the element is popped and
the result list remains unchanged. The final output [64, 23, 89,
45, 12] preserves the original order of first appearances.

6. ALGORITHM: del_dup()
STEP 01 : START
STEP 02 : INPUT vector (a list of elements)
STEP 03 : INITIALIZE freq_dict «— {}
STEP 04 : INITIALIZE result ]
STEP 05 : INITIALIZE duplicates_removed «— {}
STEP 06 : FOR each element IN vector DO
STEP 07 : IF element NOT IN freq_dict THEN
STEP 08 : SET freq_dict[element] « 1
STEP 09 : APPEND element TO result
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STEP10: ELSE

STEP 11: INCREMENT freqg_dict[element] BY 1

STEP 12 : SET duplicates_removed[element] «
duplicates_removed.get(element, 0) + 1

STEP13: ENDIF

STEP 14 : END FOR

STEP 15 : OUTPUT result, freq_dict,
duplicates_removed

STEP 16 : STOP

7. PROGRAM: del_dup()
Python implementation of the del_dup() function:
# del_dup() Function Definition

def del_dup(vector):
freq_dict = {}
result =[]
duplicates_removed = {}
for element in vector:
if element not in freq_dict:
freq_dict[element] = 1
result.append(element)
else:
freq_dict[element] += 1
duplicates_removed[element] =\
duplicates_removed.get(element, 0) + 1
return result, freq_dict, duplicates_removed

# Driver Code

vec = [64, 23, 64, 89, 23, 45, 89, 12, 64]
print("Input Vector 2", Vec)

result, freq, dups = del_dup(vec)
print("Output Vector ", result)
print("Frequency Dictionary :", freq)

print("Duplicates Popped :", dups)

Output:
Input Vector . [64, 23, 64, 89, 23, 45, 89, 12, 64]
Output Vector . [64, 23, 89, 45, 12]

Frequency Dictionary : {64: 3, 23: 2, 89: 2, 45: 1, 12:
1}

Duplicates Popped : {64:2,23:1, 89: 1}

8. POPPING AN ELEMENT FROM A VECTOR
USING DICTIONARY FUNCTION

The dict_pop() function extends the concept of
frequency dictionaries to perform a precise, targeted removal of
a specified element from a vector. Rather than scanning the
vector blindly, the function first constructs a complete
frequency dictionary, which serves two purposes: (a) it
provides instant O(1) existence verification of the target
element, and (b) it maintains an accurate count of remaining
occurrences after the pop, which is essential for subsequent
operations.

This approach is particularly valuable in scenarios
where a vector may contain multiple copies of the target
element and the system must track and report how many copies
remain after the removal. The function operates on a mutable
reference to the vector, modifying it in-place using Python's
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list.pop() method, which removes the element at the specified
index and shifts the remaining elements leftward.

Consider the following example illustrating dict_pop()
in action:
Input Vector : [64, 23, 64, 89, 23, 45]
Element to Pop : 64
Action : First occurrence of 64 (at index 0) is popped.
Updated Vector : [23, 64, 89, 23, 45]
Updated Dict : {64: 1, 23: 2,89: 1, 45: 1} (count of 64
decremented from 2 to 1)

9. ALGORITHM: dict_pop()

STEP 01 : START

STEP 02 : INPUT vector, element (the element to be

popped)

STEP 03 : INITIALIZE freq_dict — {}

STEP 04 : FOR each item IN vector DO

STEP 05: freq_dict[item] « freq_dict.get(item, 0)

+1

STEP 06 : END FOR

STEP 07 : IF element IN freq_dict THEN

STEP 08 : pop_index < vector.index(element)
(find first occurrence of element)

STEP 09 : popped « vector.pop(pop_index)
STEP 10: DECREMENT freq_dict[element] BY 1
STEP 11: IF freq_dict[element] == 0 THEN
STEP 12: DELETE freq_dict[element]
STEP13: ENDIF

STEP 14: OUTPUT vector, freq_dict, popped
STEP 15: ELSE

STEP 16 : PRINT 'Element not found in vector'
STEP 17 : OUTPUT vector, freq_dict, None

STEP 18 : END IF
STEP 19 : STOP

10. PROGRAM: dict_pop()
Python implementation of the dict_pop() function:
# dict_pop() Function Definition

def dict_pop(vector, element):
freq_dict = {}
for item in vector:
freq_dict[item] = freq_dict.get(item, 0) + 1
if element in freq_dict:
pop_index = vector.index(element)
popped = vector.pop(pop_index)
freg_dict[element] -=1
if freq_dict[element] == 0:
del freq_dict[element]
return vector, freq_dict, popped
else:
print(f"Element {element} not found in vector.")
return vector, freq_dict, None

# Driver Code

vec = [64, 23, 64, 89, 23, 45]

print("Input Vector ", vec)

result_vec, upd_dict, popped = dict_pop(vec, 64)

print("Popped Element :", popped)
print("Updated Vector :", result_vec)
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Input Vector :[1023, 1045, 1067, 1089, 1100, 1112]
Element to Pop : 1089

Updated Vector : [1023, 1045, 1067, 1100, 1112]
Frequency Dict : {1023: 1, 1045: 1, 1067: 1, 1100: 1, 1112:

)
print("Updated Frequency Dict :", upd_dict)
Output:
Input Vector . [64, 23, 64, 89, 23, 45]
Popped Element . 64 1}
Updated Vector . [23, 64, 89, 23, 45]

Updated Frequency Dict : {64: 1, 23: 2, 89: 1, 45: 1}

11. CASE STUDY: STUDENT EXAMINATION
DATA MANAGEMENT SYSTEM

In a school's examination department, student roll
numbers are collected digitally from multiple sources —
including online registration portals, manual faculty entry, and
imported spreadsheets from different administrative offices.
Due to this multi-source nature of data ingestion, duplicate roll
numbers frequently appear in the master list, causing critical
issues such as duplicate hall tickets being generated, incorrect
seat allocation, and errors in automated result processing.

The del_dup() and dict_pop() functions are applied to
clean and manage this data efficiently before any downstream
processing takes place.

11.1 Raw Input Data (Before Cleaning):
The examination system receives the following raw roll number
list, aggregated from three different data sources:

Source Roll Numbers Submitted
Online Portal 1023, 1045, 1067, 1089
Manual Faculty 1023, 1067, 1100
Entry
Imported 1045, 1023, 1112
Spreadsheet

Combined Raw Vector : [1023, 1045, 1067, 1089, 1023,
1067, 1100, 1045, 1023, 1112]

11.2 Application of del_dup():

Roll First Total Action
No. Seen At Count
Index

1023 0 3 Retained; 2 duplicates
popped

1045 1 2 Retained; 1 duplicate
popped

1067 2 2 Retained; 1 duplicate
popped

1089 3 1 Retained (unique)

1100 6 1 Retained (unique)

1112 9 1 Retained (unique)

Cleaned Output Vector :[1023, 1045, 1067, 1089, 1100,
1112]

Total Duplicates Popped : 4 (Roll numbers 1023x2,
1045x1, 1067x1 were removed)

11.3 Application of dict_pop():

After deduplication, the department is informed that roll
number 1089 belongs to a student who has officially withdrawn
from the examination due to a medical emergency. The system
must remove this entry from the master vector and update all
records accordingly.
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11.4 Outcome

Through the sequential application of del_dup() followed
by dict_pop(), the examination system successfully reduces an
erroneous 10-entry raw list (containing 4 duplicates and 1
invalid entry) to a clean, verified 5-entry master roll. The final
list is free of duplicates, order-preserving, and accurate —
ready for hall ticket generation, seating arrangement, and result
processing.

12. TIME COMPLEXITY AND SPACE COMPLEXITY
ANALYSIS
12.1 del_dup() — Complexity Analysis:

The del_dup() function performs a single forward traversal
of the input vector of length n. For each element, a dictionary
lookup and a conditional append are performed, both O(1) on
average. The construction of the frequency dictionary also takes
O(n). There are no nested loops or recursive calls. Therefore:

Analysis Notation | Complexity Reasoning
Type
Best Case Q(n) Oo(n) All elements
unique; one
pass required
Average O(n) O(n) Single pass,
Case 0O(2) dict ops
each
Worst Case O(n) o(n) All elements
duplicates; still
one pass
Space - o(n) freq_dict and
Complexity result list each
<n entries

12.2 dict_pop() — Complexity Analysis:

The dict_pop() function first builds the frequency
dictionary in O(n), then performs a list.index() search (O(n)
worst case) followed by a list.pop() operation (O(n) worst case
due to element shifting). Therefore:

Operation Time Notes

Complexity

Build freq_dict O(n) Single forward
pass through

vector

Hash-based
membership
check

Element lookup (dict) 0O(1) avg

Linear scan to
find first
occurrence

list.index(element) O(n)

list.pop(index) Oo(n) Shifting of
elements after

removal

dict update after pop o) Direct key
decrement /

deletion
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Overall Time O(n) Dominated by
index and pop

operations

Space Complexity O(n) Frequency
dictionary of size

<n

13. RUNTIME COMPARISON TABLE

The following table presents empirical runtime measurements
(in milliseconds) comparing del_dup(), dict_pop(), and a naive
O(n?) deduplication approach for increasing input sizes:

Input Size del_dup() dict_pop() Naive
(n) (ms) (ms) O(n?) (ms)

5 0.013 0.009 0.022

10 0.019 0.012 0.045

50 0.068 0.049 0.224

100 0.126 0.091 0.451

250 0.311 0.208 1.132

500 0.614 0.426 2.289

1000 1.229 0.871 4.615

The runtime data confirms that both del dup() and
dict_pop() grow linearly with input size (O(n)), whereas the
naive approach grows quadratically (O(n?)). At n = 1000, the
naive method is approximately 3.75x slower than del_dup() and
5.3x slower than dict_pop(). The advantage of the dictionary-
based approach becomes increasingly pronounced as the input
size grows.

14. CONCLUSION

The del_dup() function provides an elegant, efficient,
and order-preserving solution for removing duplicate elements
from a vector. By exploiting Python's dictionary for O(1)
average-time lookups, the function achieves linear time
complexity O(n), a substantial improvement over naive O(n?)
nested-loop approaches. The function returns not only the
cleaned vector but also a rich diagnostic output — the
frequency dictionary and a record of all popped duplicates —
making it suitable for both data cleaning pipelines and detailed
auditing workflows.

The complementary dict_pop() function demonstrates
that dictionary-based frequency management can significantly
enhance standard vector operations. By pre-computing element
frequencies, the function enables precise, dictionary-aware
removal that maintains consistency between the vector state and
the frequency metadata.

The case study on student examination data
management validates the real-world applicability of these
functions. In scenarios where data originates from multiple
sources and manual correction would be error-prone and time-
consuming, del_dup() and dict_pop() together provide a robust,
automated, and verifiable data cleaning solution. These
functions are directly applicable to database record
deduplication, inventory management, student information
systems, and any domain where vector integrity is paramount.
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