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Abstract—Many available algorithms are structurally 
recursive and can invoke the typical algorithm itself once or 
even more times to solve tightly related sub-problems. All of 
these algorithms follow the major principle called Divided-and-
Conquer method, which first divides initial problem into several 
items same in goals but have a smaller scale. The Merge Sort 
uses this ideology to compass complexity and accelerate 
processing time. The coordinate-recorded merge sort algorithm 
continues the main idea, lets the processing problems get larger 
gradually, but directly works out solutions of the smallest sub-
problems at the very start, in other words, the dividing process 
becomes useless. 
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I.  INTRODUCTION

 The Divided-and-Conquer method [1][2] is applied in 
solving the complex problems by firstly separating them into 
several items with a smaller scale, then researching each of 
them up to getting the specific solutions that can be returned 
back to the upper gradation. Merging [3] the resolutions of 
every sub-problem together is the last stage to find the final 
answer.  

 Randomness [4] is a kind of superior characteristic in 
finding out the best solution especially in sorting algorithm 
era. It often happens that concrete distribute information of 
inputs is blurry and even unbeknown, which probably can be 
an impediment in analyzing the average case. The insertion 
sort [5] will not highlight the special features of any queue 
waited to be treated even the numbers inside of the queue have 
been already ordered. What exactly will happen in a queue 
with many ordered numbers is that insertion sort will compare 
each element with every item in the sub-array already sorted, 
which can be seen as the worst case. 

This kind of worst situation reveals an upper bound towards 
arbitrary inputs. The average case is usually as bad as the 
worst situation and it`s more valuable to calculate the mean 
of the time consuming expenses. Using more abstract and 
simplified processes can make insertion sort more easier  to 

be analyzed such as applying constant ci representing all the 
time cost that can be neglected of each sentence.θ  [6][7]
expresses the time cost in the worst situation and constants 
a b and c inside depend on sentence cost ci. But what we 
really interest in is the items with greatest weight, for 
instance, in this formula, is the most important element 
in a sense including fastest increment speed. 

If an algorithm has a lower growth rate compared with 
another one when used to solve the same problem, the former 
can be regarded as  more efficient than the last one, especially 
the complexity of the problem waited to be solved is in a high 
level. The divide-and-conquer method compasses the height 
of the scale so that the speed can be accelerated prominently. 

II. THE MERGE-SORT

A. The Pattern of Merge Sort
Merge sort algorithm completely comply with the

operations that the divide-and-conquer method does. 

Divide: Divides a sequence having elements inside
into 2 sub-sequences which respectively includes n/2
elements.

Solve: Using merge sort arranges 2 sub-sequences
recursively.

Merge: Merging 2 sub-sequences that already ordered
into the final answer.

Everytime the length of sequence needed to be ordered 
develops into 1,the recursive operation starts to “rise”. There 
will be no work to be finished when the sequence can not be 
splitted anymore. 

B. The Analysis of the Traditional Merge-Sort

Supposing )(nT  represents the running time of a problem
to be solved, and n represents the scale of the problem. If the 
scale is small enough it`s viable to get final result in a constant 
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time recorded as )1(θ ,ignoring some coefficients inside.But 
it`s necessary and valuable  to do some decomposing work 
and to turn the initial queue into a sub-queues,of which each 
element is 1-bth of the initial one.Supposing the time expense 
that decomposing problems needs is D(n),and merging 
operations needs is C(n),the final recursive formula can be 
expressed as followed. 
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Assuming that the scale of original problem is a power of 
2,the analysis based on recursive formula will be effectively 
simplified.Every step of decomposing processes produces 2 
sub-queue with the scale of n/2. )(nT in this case can be 
expressed as followed. 
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The Master Theorem can be used to proof the solution of 
formula  (2) is )lg()( nnnT θ= .In the worst situation,time 

cost )lg( nnθ is definitely better than )( 2nθ . 

(3) 

The element in the uppermost layer is divided into 2 
smaller items, which are also divided using the same way. 
With the scale of the problem down to 1,solving every 
absolute sub-problem will cost c unit time. 

The traditional proper order after applying recursive 
ideology  in dealing sequencing problems  is always from top 
to bottom, and then regarding the solutions of every layer as 
the inputs returned back to the upper layer until touching the 
ceil of the original queue again. 

The following contents introduces the preudocode 
implementation of the traditional algorithm. 

Algorithm 1.1 MERGE-SORT(A,p,q,r) 
Input: A: an array not be sorted 

            p,r: the first and the last position of every array to be sorted 

q: the middle position splits the array 

Output: sorted array A 

    1  n1=q-p+1 , n2=r-q 

    2  let L[1...n1+1] and R[1...n2+1]be new arrays 

    3  for i = 1 to n1 

    4       L[i]=A[p+i-1] 

    5  for j=1 to n2 

    6       R[j]=A[q+j] 

    7  L[n1+1]= ∞  ,  R[n2+1]= ∞  

    8  i=1 ,  j=1 

    9  for k=p to r 

   10        if L[i] R[j] 

   11           A[k]=L[i] 

   12            i=i+1 

   13        else A[k]=R[j] 

   14            j=j+1 

III. COORDINATE-BASED MERGE-SORT 
The coordinate-based merge-sort starts to dispose the 

sequence of numbers directly from the “bottom”, and the scale 
of sub-queues to be merged is stationary corresponding to 
each layer of the recursion tree. It can be easily understood 
that the scale of every element at the relatively first layer is 
twice as big as the second layer`s. So it`s possible to establish 
an absolute region called GENERATOR that particularly be 
used to merge 2 sub-queues and generate a final result waiting 
to be submitted to the higher layer.  

Algorithm 2.1  GENERATOR(A1,A2) 
     Input:A1,A2: in which the numbers have been already sorted 
        Output:A12: combination of A1 and A2 including a serious of 

orderly fegures 
1 let A12[1... A1.length …A1.length+A2.length] be new array 

2 while i A1.length-1 or j A2.length-1 

3     if A1[i] <A2[j] 

4           A12[k]=A1[i] 

5     else 

6           A12[k]=A2[j] 

7     Return A12 

Algorithm 2.1 presents how 2 already sorted arrays merge 
into one final array in which the numbers are in the ascending 
order. Choose the smallest number between A1[i] and A2[j] as 
A12[k] (lines 3-6),and finally return array A12. 

Each input array size will become doubled with layer 
increasing and in the recursion tree where there is a strong 
correlation between the overall height, current layer and the 
scale of the queue unit. 

As shown in the picture (4), the arrows pointing to some 
special numbers present the final figure of every absolute unit 
and also prevail the very starting. We can set 2 pointers 
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immobilized at the first 2 places of the entire row that always 
indicate the impending inputs being transported into the 

GENERATOR. The upper layer will not start to work until 
there is no left time in the calculagraph. 

 

RowcurR _ow2 − 12 _ow +− RowcurR 1_ow2 +− RowcurR

 

  Algorithm 2.2  Array_Producer(A) 
Input: unordered numbers within the original array A  

Output: ordered numbers within the original array A` 

1 cur_Row=Row= nlg  ,  gap_Value=2Row-cur_Row 

2 while cur_Row  0 

3       time=2cur_Row-1   ,   cur_time=1      

4       let A1[1…gap_Value+1] and A2[1…gap_Value+1] be 
new arrays 

5       let Coord[1…2cur_Row] be new array 

6       Coord[0]=gap_Value-1 

7       for i=1 to Coord.length-1 

8            Coord[i]=Coord[i-1]+gap_Value 

9       first_Hand=Coord[0], second_Hand=Coord[1] 

10       While cur_time time 

11             A1[A1.length-1]= ∞   ,  A2[A2.length-1]= ∞  

12             sub_S = GENERATOR(A1,A2) 

13             for i=0 to sub_S.length-1 

14                     S[first_Hand-gap_Value+1+i]=sub_S[i] 

15             first_Hand=first_Hand+2*gap_Value 

16             second_Hand=second_Hand+2*gap_Value 

 

     

Let array Coord[] records the positional information, 
from where we acquire appropriate messages applied  to 
decide which and how many numbers should be selected to 
be transported into the GENERATOR, and of which the 
scale will be diminishing regularly with the layer increasing.  

Supposing  the inputs are n numbers, ”Row” presents  
the total height of  the recursion tree , “cur_Row” presents 
the order number of the layer being processed  and 
gap_Value presents the quantity of numbers in every single 
unit. They  have a mutual connection as follows. 

Row= nlg  

cur_Row is Row down to 1 

gap_Value=2Row-cur_Row 

The length  of the array that records the positional 
information is 2cur_Row . 

The variable “time” in preudocode implementation 
presents  how many times method GENERATOR will be 
invoked in the current layer and meanwhile “cur_time” 
represents the current order inside the entire frequency. 

 

The analysis of the Coordinate-based merge-sort 
         The coordinate-based merge-sort algorithm leaves out 
the step of splitting the original array into smaller ones and 
directly process the leaf nodes at the very start.In every 
layer,totoal numbers will be conpared once in the 
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GENERATOR which process costs )(nθ .And there is a 
total of  nlg (Row) layers . Every element will be processed 
by GENERATOR nlg  times so that the entire time is 

)(nθ . 
 

IV.  CONCLUSION 
Merge Sort is an efficient, general-purpose, 

comparison based sorting algorithm in computer science. 
Most implementation preserves the input order of equal 
elements in the sorted output. Coordinate-recorded merge 
sort also uses the basic ideology of divide-and-conquer 
method that was invented by John von Neuman in 1945. 
The traditional merge sort is a top-down implementation 
which starts from the entire array and then gradually splits 
the original problem into unitary items. The coordinate-
recorded merge sort just starts with the smallest unit that can 
not be divided and then return respective result up to the 
higher layer. The time cost is still θ (n) . 
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