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Abstract 
 

There are many physical resources used by a DBMS to perform its specified task. There are more than 250 parameters those are 
used to manipulate the size of these resources. The proper selection of those resources whose manipulation makes a positive 
impact on database performance is very complex, costly (in terms of DBA hours used in this process) and error prone task. The 
list of performance indicators help a DBA to choose which resource and how much the resource should change to achieve the 
required performance. But due to large number of resources, large number of parameters and large number of indicators involved 
in this process make this process a very tedious, time consuming, costly and error prone task. The manual intervention (i.e. DBA) 
in this complex selection process is not worthy in any sense. It will be very helpful and worthy for any organization if this 
process become automated. To make this process automated we are presenting an algorithm that automatically selects resources 
those affect the system performance. This algorithm automatically makes the permutation and combination among resources, 
parameters and indicators and provide the best solution based on some mathematical calculations. 
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1. Introduction  
 

Database tuning is an activity that helps database applications to run more quickly, which requires much 
effort and time by database administrators. A performance problem may be identified by slow or unresponsive 
systems. This usually occurs because high system loading, causing some part of the system to reach a limit in its 
ability to respond. This limit within the system is referred to as a bottleneck. As database applications become more 
complex and diverse, managing database systems becomes too costly and prone to error. To solve these problems, 
autonomic computing systems and autonomic DBMSs are proposed. Database systems may display performance 
characteristics depending on workload types. Database administrators should be aware of the characteristics peculiar 
to workload types in order to tune database systems effectively.  A typical database management system (DBMS) 
has 200+ configuration parameters and the appropriate setting of these parameters play a critical role in 
performance. To reduce the total cost of ownership, it is of essence that DBAs focus only on tuning those 
configuration parameters which have the most impact on system performance. Tuning database configuration 
parameters is hard but critical: bad settings can be orders of magnitude worse in performance than good ones. 
Studies on resource usages have dealt with data buffers, working memory and I/O processes and similar type of 
some critical parameters to make positive impact on performance. 

In this paper we have designed a solution to solve this complex problem (i.e. selection of appropriate 
resource to tune). We have formulated a mathematical solution for that and designed an algorithm to make this 
process automated. 

This paper is divided into three main sections. Section 1 (i.e. heading 3.0 in this paper) describes the 
mathematical formulation of the solution. Section 2 (i.e. heading 4.0 in this paper) describes the algorithmic solution 
and Section 3 (i.e. heading 5.0 & 6.0 in this paper) conclude the paper and describe the future work related to this 
research work. 
 

2.  Mathematical formulation of automatic resource selection process 
 

This section describes the mathematical implementation to select the resources automatically which will 
make direct impact on performance. We present a new analysis method that effectively selects resources for 
automatic tuning in order to reduce the administrator’s time, efforts, and intervention. The following subsections 
will define the two statistical coefficients (i.e.  Correlation coefficient and coefficient of variance) used in this paper. 
 
2.1. Correlation coefficient 
 

The word Correlation is made of Co- meaning “Together” and Relation –meaning Dependency”. Hence 
correlation coefficient explains the dependency of one variable on another variable.  
Formula for Correlation coefficient:- 
 
 
 
                                                                                                                                     …………(1) 
 
 
 
The relationship of one variable with other variable is decided on the basis of the following values of correlation 
coefficient 

• +1 (highly positive relationship) 
• 0   (no relationship) 
• -1 (highly negative relationship) 

 
The following graphical representation shows the relationship of two variables according to the values of correlation 
coefficient. 

Corr_Coff(X,Y) =  
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Fig:1 

The perfect blue colors show the perfect positive relationship and the perfect red color graphs shows the perfect 
negative relationship. 
 
 
2.2. Coefficient of Variation 
 

Coefficient of Variation is the percentage variation in mean, standard deviation being considered as the 
total variation in the mean. If we wish to compare the variability of two or more series, we can use the coefficient of 
variation. The series of data for which the coefficient of variation is large indicates that the group is more variable 
and it is less stable or less uniform. The coefficient of variance is a dimensionless number.  
Formula for Coefficient of Variance:- 
 

 
 

                   ……(2) 
 

 

2.3. Use of Correlation Coefficient and Coefficient Variance for Automatic resource selection 

Performance indicators that are affected by changes of the resource can be recognized as having a 
correlation coefficient and a variation coefficient. A correlation coefficient measures the degree to which two 
variables are linearly related. The equation for calculating correlation coefficient uses correlation coefficient, as 
shown equation 1. The equation is defined as the covariance of X with Y divided by the product of the standard 
deviation of X and the standard deviation of Y. X and Y indicates the mean of the variable and n represents the 
number of variable values. This paper uses the correlation coefficient to determine the incremental or decremental 

relationship between the resource size and the performance indicator. The user sets a threshold value in order to 

recognize the incremental or decremental relationships. The threshold value |t| is defined between 0 and 1. If the 

correlation coefficient is +t or more, an incremental relationship between the performance indicator and the 

resource exists. If the correlation coefficient is -t or less, a decremental relationship between the performance 

indicator and the resource exists. Other values of the correlation coefficient indicate that there is no relationship 

between the resource and the performance indicator.  

Coefficient of Variation  (Y)  =   
��������	���������	(�)	

����	(�	)����  



Hitesh Kumar Sharma,IJRIT  291 

 

Example 1. Suppose that we have two lists of values for performance indicators P and Q. Let the threshold be |0.6|. 
Suppose that a resource K (in megabytes) and the performance indicators P and Q change as follows: (example 
taken from the reference paper) 
K={32, 64, 96, 128, 160, 192, 224, 256, 288, 320}  
P={27.21, 27.49, 27.45, 27.63, 27.52, 27.37, 26.95, 27.23, 27.11, 27.03}  
Q={74.32, 76.79, 78.25, 80.63, 81.69, 81.95, 84.3, 84.61, 87.7, 89.41}  
 
Table 1 shows the middle steps used to calculate correlation coefficient between K and P. The calculated value of 
correlation coefficient is given below to the corresponding table.  
 
Table 1: Calculation of Correlation coefficient between K and P 

K P 
A= 

Ki-Mean(K) 
B= 

Pi-Mean(P) A*B A2 B2 SQRT(M*N) 
32 27.21 -144 -0.089 12.816 20736 0.007921 

198.261694 

64 27.49 -112 0.191 -21.392 12544 0.036481 
96 27.45 -80 0.151 -12.08 6400 0.022801 
128 27.63 -48 0.331 -15.888 2304 0.109561 
160 27.52 -16 0.221 -3.536 256 0.048841 
192 27.37 16 0.071 1.136 256 0.005041 
224 26.95 48 -0.349 -16.752 2304 0.121801 
256 27.23 80 -0.069 -5.52 6400 0.004761 
288 27.11 112 -0.189 -21.168 12544 0.035721 
320 27.03 144 -0.269 -38.736 20736 0.072361 

Mean 
(K) Mean(P)     SUM(A*B) M=SUM(A2) N=SUM(B2) 
176 27.299     -121.12 84480 0.46529 

 
Corr_Coff (K,P) = SQRT(M*N)/ SUM(A*B)  = -121.12/198.26= -0.61091 

Table 2 shows the middle steps used to calculate correlation coefficient between K and Q. The calculated value of 
correlation coefficient is given below to the corresponding table.  
 
Table 2: Calculation of Correlation coefficient between K and Q 

K Q 
A= 

Ki-Mean(K) 
B= 

Pi-Mean(Q) A*B A2 B2 SQRT(M*N) 

32 74.32 -144 -7.645 1100.88 20736 58.446025 

4127.42038 

64 76.79 -112 -5.175 579.6 12544 26.780625 

96 78.25 -80 -3.715 297.2 6400 13.801225 

128 80.63 -48 -1.335 64.08 2304 1.782225 

160 81.69 -16 -0.275 4.4 256 0.075625 

192 81.95 16 -0.015 -0.24 256 0.000225 

224 84.3 48 2.335 112.08 2304 5.452225 

256 84.61 80 2.645 211.6 6400 6.996025 

288 87.7 112 5.735 642.32 12544 32.890225 

320 89.41 144 7.445 1072.08 20736 55.428025 

Mean (K) Mean(Q)     SUM(A*B) M=SUM(A2) N=SUM(B2) 
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176 81.965     4084 84480 201.65245 
 
Corr_Coff (K,Q) = SQRT(M*N)/SUM(A*B) = 4084/4127.42  = 0.98948 
 

The correlation coefficient between K and P is about -0.61091. As the correlation coefficient between K 
and P is within the threshold, it has no relationship. On the other hand, the correlation coefficient between K and Q 
is about 0.98948. As the correlation coefficient between K and Q is over the threshold, it has an incremental 
relationship.The correlation coefficient only shows an incremental (or decremental) relationship between the 
performance indicator and the resource without considering the magnitude of changing values of the performance 
indicators. To consider the ranges of changed values, we use another value, variation coefficient, which is shown in 
equation 2. It provides a normalized value by calculating the standard deviation in means, especially when the 
number of data or measurement ranges are different. The variable coefficient is important in that it indicates how 
much the performance indicators have to be changed. The variable coefficient allows us to identify whether the 
correlation coefficient is meaningful or not. If the variation value is too small, the related correlation coefficient is 
trivial. The user sets a threshold value, just as in the correlation coefficient. The threshold value z is defined between 
0 and 1. If the variation coefficient is +z or more, the correlation coefficient is meaningful, and if below z, it is not.  

Example 2. Suppose that we have lists of values for the performance indicators, G and H. Suppose that user 
threshold value is +0.6 or -0.6 for the correlation coefficient, and is 0.05 for the variation coefficient.  (example 
taken from the reference paper) 
K = {32, 64, 96, 128, 160, 192, 224, 256, 288, 320}  
G = {74.83, 73.3, 72.84, 73.31, 71.08, 69.63, 70.44, 69.77, 70.22, 69.16}  
H = {47.49, 54.59, 64.25, 82.89, 94.86, 99.87, 99.88, 99.88, 99.88, 99.88}  
 
 
Table 3 & table 4 shows the middle steps used to calculate correlation coefficient between K and G and coefficient 
of variation for G. The calculated value of correlation coefficient is given below to the corresponding table and the 
value of coefficient of variation is give in the last column of table 4 
 
Table 3: Calculation of Correlation coefficient between K and G 

K G 
A= 

Ki-Mean(K) 
B= 

Pi-Mean(G) A*B A2 B2 SQRT(M*N) 

32 74.83 -144 3.372 -485.568 20736 11.370384 

1701.92405 

64 73.3 -112 1.842 -206.304 12544 3.392964 

96 72.84 -80 1.382 -110.56 6400 1.909924 

128 73.31 -48 1.852 -88.896 2304 3.429904 

160 71.08 -16 -0.378 6.048 256 0.142884 

192 69.63 16 -1.828 -29.248 256 3.341584 

224 70.44 48 -1.018 -48.864 2304 1.036324 

256 69.77 80 -1.688 -135.04 6400 2.849344 

288 70.22 112 -1.238 -138.656 12544 1.532644 

320 69.16 144 -2.298 -330.912 20736 5.280804 

Mean (K) Mean(G)     SUM(A*B) M=SUM(A2) N=SUM(B2) 

176 71.458     -1568 84480 34.28676 
 
Corr_Coff (K,G) = SQRT(M*N)/SUM(A*B) = 4084/4127.42  = -0.921310206 
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  Table 4: Calculation of  coefficient of variance  for G 

G 
B= 

Gi-Mean(G) B2 σ Coff_Var(G) 

74.83 3.372 11.370384 

1.851668437 0.025912682 

73.3 1.842 3.392964 

72.84 1.382 1.909924 

73.31 1.852 3.429904 

71.08 -0.378 0.142884 

69.63 -1.828 3.341584 

70.44 -1.018 1.036324 

69.77 -1.688 2.849344 

70.22 -1.238 1.532644 

69.16 -2.298 5.280804 

Mean(G)   N=SUM(B2) 

71.458   34.28676 
 
Table 5 & table 6 shows the middle steps used to calculate correlation coefficient between K and H and coefficient 
of variation for H. The calculated value of correlation coefficient is given below to the corresponding table and the 
value of coefficient of variation is give in the last column of table 6. 
 
 
 
Table 5: Calculation of Correlation coefficient between K and H 

K H 
A= 

Ki-Mean(K) 
B= 

Pi-Mean(H) A*B A2 B2 SQRT(M*N) 

32 47.49 -144 -36.857 5307.408 20736 1358.43845 

18305.491 

64 54.59 -112 -29.757 3332.784 12544 885.479049 

96 64.25 -80 -20.097 1607.76 6400 403.889409 

128 82.89 -48 -1.457 69.936 2304 2.122849 

160 94.86 -16 10.513 -168.208 256 110.523169 

192 99.87 16 15.523 248.368 256 240.963529 

224 99.88 48 15.533 745.584 2304 241.274089 

256 99.88 80 15.533 1242.64 6400 241.274089 

288 99.88 112 15.533 1739.696 12544 241.274089 

320 99.88 144 15.533 2236.752 20736 241.274089 

Mean (K) Mean(H)     SUM(A*B) M=SUM(A2) N=SUM(B2) 

176 84.347     16362.72 84480 3966.51281 
 
Corr_Coff (K,H) = SQRT(M*N)/SUM(A*B) = 4084/4127.42  = 0.893869493 



Hitesh Kumar Sharma,IJRIT  294 

 

                      Table 6: Calculation of coefficient of variance of H 

H B=Hi-Mean(H) B2 σ Coff_Var(H) 

47.49 -36.857 1358.438449 

19.91610607 0.236121096 

54.59 -29.757 885.479049 

64.25 -20.097 403.889409 

82.89 -1.457 2.122849 

94.86 10.513 110.523169 

99.87 15.523 240.963529 

99.88 15.533 241.274089 

99.88 15.533 241.274089 

99.88 15.533 241.274089 

99.88 15.533 241.274089 

Mean(H) N=SUM(B2) 

84.347 3966.51281 
 

The correlation coefficient between K and G is about -0.92131, and the variation coefficient of G is about 0.025913. 
We say that there is no relationship between G and K because the variation coefficient is below 0.05, although the 
correlation coefficient is below -0.6. The correlation coefficient between K and H is about 0.893869, and the 
variation coefficient of H is about 0.23612. Since the correlation coefficient between K and H is above +0.6 and the 
variation coefficient of H is over 0.05, we say that it has an incremental relationship. 

 
 

3.  Algorithm for automatic selection of resource 
 
As we have shown in section 3.0 that by using some statistics coefficients (i.e. Correlation Coefficient and 
Coefficient of Variance) we can find the positive, negative or no relation between resource parameters and 
performance indicators. But the manual calculation of these parameters is again a tedious task. To overcome this 
issue we have designed a set of algorithms. These algorithms can be implemented into a small computer application 
using any computer programming language. After implementation of these algorithms, the process of automatic 
selection of the resources responsible for good performance will be automated. The set of algorithm contain three 
algorithms the algorithms with their significance have been explained separately in coming subsections. 
 
3.1. Algorithm 1: (Algorithm to calculate Correlation Coefficient) 
 
This algorithm will calculate the correlation coefficient between resource parameter and performance indicator. The 
algorithm takes two arrays X[ ] , Y[ ] as input. The array X [ ] will contain some values for a particular resource and 
the array Y[ ] will have some value of indicator corresponding to each value of resource. 
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The output of the algorithm will be the value of correlation coefficient between X[ ](i.e. array of resource values)  
and Y[ ] (i.e. array of performance indicator values) . 
 
 
3.2. Algorithm 2 (Algorithm to calculate Coefficient of Variation) 
 
This algorithm will calculate the coefficient of variance for performance indicator. The algorithm will take  an array 
Y[ ] (i.e. an array of indicators values) as input then calculate the coefficient of variance for passed array. 
 
 

 

Corr_Coff(X[ ],Y[ ]) 

 

{ 

Float sum_x=0; 

Float sum_y=0; 

Float mean_x; 

Float mean_y; 

Float F_numerator=0; 

Float Denom_x=0; 

Float Denom_y=0; 

Folat F_Denom; 

Float Corr_Coff; 

Int n= X.length; 

for(int i=0; i<n;i++) 

{ 

sum_x = sum_x + X[i]; 

sum_y = sum_y + Y[i]; 

} 

mean_x=sum_x/n; 

mean_y=sum_y/n; 

 

for(int i=0; i<n;i++) 

{ 

F_numerator = F_numerator + ((X[i]-mean_x)*(Y[i]-mean_y)); 

} 

for(int i=0; i<n;i++) 

{ 

Denom_x = Denom_x + ((X[i]-mean_x)*(X[i]-mean_x)); 

Denom_y = Denom_y + ((Y[i]-mean_y)*(Y[i]-mean_y)); 

} 

F_Denom= sqrt(Denom_x * Denom_y); 

Rel_Coff= F_numerator/ F_Denom; 

Return Corr_Coff; 

} 
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The output of this algorithm will be the value of the coefficient of variance for the input array  
Y[ ] (i.e. the array of indicator values). 

 
 
 
3.3. Algorithm 3 (Algorithm for resource selection) 
 
This is the main algorithm that will call the above two algorithms to select the resource for tuning. The algorithm 
takes four inputs.  

• A 2-D array of resources and their values (i.e. arr_resource[ ][ ]) 
• A 2-D array of parameters and their values (i.e. arr_parameter[ ][ ]) 
• A threshold value for correlation coefficient (i.e. threshold_CC) 
• A threshold value for coefficient of variation (i.e. threshold_CV) 

 
 After passing these four parameters it will call the above two algorithm to give its output. The output will be the list 
of resources those will make a positive impact on performance. threshold_CC and . threshold_CV parameters are 
used for comparing the calculated value by the threshold value. Based on this comparison it will take decision to 
select the resources for alteration. 
 
 
 
 
 

Var_Coff(Y[ ]) 

{ 

Float mean_y; 

Float numerator=0; 

Float sum_y=0; 

Int n= Y.lenght; 

Float std_dev; 

Float var_coff; 

for(int i=0; i<n;i++) 

{ 

sum_y = sum_y + Y[i]; 

} 

mean_y=sum_y/n; 

for(int i=0; i<n;i++) 

{ 

numerator = numerator + ((Y[i]-mean_y)*(Y[i]-mean_y)); 

} 

 

std_dev=sqrt(numerator/n); 

var_coff= std_dev/mean_y; 

Return var_coff; 

} 
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These four parameters will be passed to the algorithm and based on the threshold value it will give the name of the 
resource which will have positive or negative impact on changing the value of resource parameter. 

4. Conclusion 

The proper management of the resources is one of the major parts in database tuning. In this paper we have 
focused on the selection of the major resource responsible for high/low performance. Before changing the value of a 
parameter it highly recommended to find its positive or negative impact on performance. Majorly this task is being 
done by a DBA but in this paper we have proposed an algorithm that will automatically populate the list of the 

Select_Tuning_Resource (arr_resource[ ][ ],arr_parameter[ ][ ],threshold_CC,threshold_CV) 

{ 

Int n = arr_resource.no_of_rows; 

Int m= arr_resource.no_of_columns; 

Float arr_resource_1D[ ]; 

Float arr_parameter_1D[ ]; 

Float corr_coff[n]; 

Float var_coff[n]; 

for(int i=0;i< n;i++) 

{ 

 for(int j=0;j< m;i++) 

{ 

 arr_resource_1D[j]= arr_resource[i][j]; 

arr_parameter_1D[j]= arr_parameter[i][j]; 

} 

Corr_coff[i]= Corr_Coff(arr_resource_1D,arr_parameter_1D); 

 var_coff [i]= Var_Coff(arr_parameter_1D); 

} 

for(int i=0;i< n;i++) 

{ 

 If(Corr_coff[i]> threshold_CC &&  var_coff [i]> threshold_CV) 

{ 

Write  “Positive Impact  and the Performance of this parameter is 

directly linked with this resource”; 

} 

Else If(Corr_coff[i]< threshold_CC &&  var_coff [i]> threshold_CV) 

{ 

Write “Negative Impact and the Performance of this parameter is 

Inversely related with this resource”; 

} 

 Else 

{ 

Write  “No Impact Neither Positive nor Negative”; 

} 

} 

} 
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resources which will have positive impact on performance after manipulate them. On implementing these algorithms 
and convert them into an application anyone can change the right resources to get better performance than without 
implementation them. 

5. Future Work 

The future work is to implement these algorithms and convert them into an application using C#.Net or java 
platform. The first priority is to run that application for Oracle DBMS and then run on other DBMS.  
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