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Abstract - This study proposed algorithms to predict the KPI performance of an organization. The Key Performance Most 
Fit Line algorithm finds the slope and y-intercept equation as fitting most of the KPI achievement reports submitted in 
weeks. The produced equation will serve as the minimum or maximum prediction KPI performance value against the values 
produced from the best-fit line equation of the Least Square algorithm. The KPMFL algorithm requires the output of the Key 
Performance Equivalence algorithm. The KPE algorithm computes the equivalent value of the percentage of KPI report per 
submission. The KPE algorithm includes factors such as degree of difficulty of attaining certain KPI and the time it takes to 
submit achievement for that KPI. These proposed algorithms were validated by six Information Technology and Quality 
Assurance Management experts from the Royal Commission Yanbu Colleges and Institutes in Saudi Arabia. 

  

Keywords - Key Performance Indicator, Performance Prediction Algorithm, Performance Measurement, Performance Most 
Fit Line 

 

I. INTRODUCTION 

 

A key performance indicator (KPI) is a type of 

performance measurement that helps you understand 

how your department is performing and allows you to 

understand if you are headed in the right direction 

with your strategy [1], [6]. By tracking and measuring 

these indicators, a recommendation for operational 

improvement can be made based on actual data [6]. 

Without measuring outcomes, quality work can easily 
be overlooked[6].KPIs are critical elements in 

business intelligence systems that transform raw data 

(numbers) into decisions (indicators) [7], [8]. 

Nowadays, efficient spending is being strictly 

imposed by any managers in an organization or 

government to its agencies. Managers can track the 

achievement of their KPIs by requiring their units 

weekly, monthly, quarterly or annual reports. 

However, management has realized that 

achievements should not end only on these types of 

reports but these reports should be analyzed and used 
to improve operations and economic decisions. Better 

decisions can be extracted from the reports if 

analyzed and presented in an effective and efficient 

way. Automation of the processes can definitely do 

these tasks. 

A sample of these relevant processes is the 

functionality where the management can determine in 

real time the extent of completion of the operational 

plan of their executives down the line and how is this 

affecting the achievement of the strategic plan of the 

company. The system should have the capability to 
provide reports when the management needs to know 

what would be the percentage of completion of a 

particular KPI on a specified week for the purpose of 

allotting timely budget and efficient management of 

resources.  

Organizations are increasingly applying the concept 

of business decision making because they themselves 

have realized the necessity of timely and appropriate 

strategic business activity. [4], [8]. This is true when 

regular process in the decision making on KPIs is 

involved [3]. Since people, priorities, and goals in a 

business may change over time, consistency and 

continuity on the measurement of KPIs should be 

maintained [6].  

In order to implement metrics successfully in 

monitoring and in the measurement of performance 

evaluation, it is appropriate (1) to mainly evaluate 

trends rather than the results of individual 
measurements, (2) to face a lack of transparency – 

managers of metrics must receive the monitored 

values in time according to a predetermined schedule, 

and (3) to establish clear responsibility for the 

accuracy of measurements for individual metrics 

[2].It is therefore the intent of this study to propose a 

solution to automate and speed up the processes 

involved in measuring and predicting KPIs 

performances in support the decision-making 

processes of organizations. 

 

II. METHODS AND PROCEDURES 

 

Subject of the Study 

This study was based on the weekly report practices 

and procedures of the Royal Commission Yanbu 

Colleges and Institutes.  Weekly reports are 

forwarded from Heads of Departments to Deputy 

Managing Directors and Managing Directors of 

Colleges/Institutes to the Planning Department Head 

and last to the Director General of the RCYCI.  

 

Validation of Algorithms 

The developed algorithms were validated by six IT 

and Quality Assurance Management experts from the 

RCYCI. The validators were provided by spreadsheet 

tables that include the data and results from these 

algorithms. The result of the developed algorithm was 

also compared with the result of the Least Square 

algorithm [9].  
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These algorithms were found to be valid and accurate 

as per their objectives. The I-CVI is .92, higher than 
the recommended by Lynn which is not lower than 

.78 [6]. 

 

III. RESULTS AND DISCUSSION 

 

The developed algorithm to predict KPI performance 

includes two-step or two main algorithms. The first 

algorithm is the Key Performance Equivalence 

(KPE). It computes the equivalent value of KPI 

reported percentage on weeks. A KPE sub algorithm 

is also developed to determine the degree of difficulty 

of achieving KPI.  
This is known as the Key Performance Degree of 

Difficulty Determination (KP3D) algorithm. The 

KP3D algorithm is an option for the management if 

in any ways they could not determine the degree of 

difficulty of attaining certain KPI among the 

colleges/institutes.  

 

The second algorithm analyzes the information 

produced from the KPE algorithm.This algorithm is 

named as Key Performance Most Fit Line (KPMFL). 

Using the slope formula, it finds the most fit line 
equation of predicting KPI performances.  

 

The KPE and KP3D Algorithms 

The measurement of performance on the achievement 

of a particular KPI is not simply getting the 

percentage of how much one entity has achieved in a 

particular week in relation to the KPI target but to 

consider and integrate two other factors into this 

measurement. These factors are degree of difficulty 

of achieving KPI target and how long shall it take for 

entities to submit their KPI achievement. The former 

implies that a certain KPI can be achieved by 
colleges/institutes but it is affected by many factors 

like budget, manpower, location, culture, and the like. 

These factors may cause delays of achieving even a 

percentage progress.  

The degree of difficulty is quantified from 1 to 4, i.e. 

4 being the most difficult and challenging. The latter, 

also known as week distance, refers to the 

relationship of the number of weeks between two 

submissions of KPI achievement with the setup total 

weeks in a year.The Key Performance Equivalence 

(KPE) formula and algorithm are provided below. 
Another algorithm is also presented to determine the 

degree of difficulty of achieving KPI. 

 

Formula: 

KPE = ([DD  x (CAV/TV)] x WD)

n

k=1

 

 

k runs from week 1 to n number of weeks 

DD = degree of difficulty 
CAV = current achievement value 

TV = target value 

WD = Week Distance = (Weeks duration - number of 

weeks covered) / Weeks duration 

 

Key Performance Equivalence Algorithm 

For each KPI of each department, do the following 

steps: 

A.  Compute the KPI achievement and difficulty. 

1. Set the degree of difficulty of achieving the KPI 

target in a year. 1 to 4, 4 is the most difficult.  

2. Divide the current KPI achievement value with 

the department's KPI target value. 

3. Multiply the result of step A.2  and  A.1 

 

B.  Compute the KPI achievement week distance 
1. Subtract the total weeks duration, say 52 for a 

year, with the number of weeks covered. The 

number of weeks covered is current week 

submission minus the previous week submission. 

2. Divide the result of B.1 with total weeks 

duration. 

C.  Get the product of A & B. 

D.  Get the sum of C for all weeks covered. The 

higher the sum, the better is the KPI performance of a 

department. 

 

Key Performance Degree of Difficulty 

Determination Algorithm 

General Algorithm: 

The farthest quarter distance between KPI report 

submissions or inputs determines the degree of 

difficulty (Dº) of achieving that particular KPI. 

 

Detailed Algorithm: 

For each KPI of each department, do the following 

steps: 

1. In a 12-month table and group the table in 4 

quarters. 
2. Plot the possible submission of KPI. 

3. Find the farthest distance between two 

submissions of reports by subtracting them in 

terms of quarter numbers. 

 

Consider the example in fig.1. KPI_1 is a KPI that is 

owned by four colleges (YUC, YIC, YTI, YELI). The 

institution, RCYCI, has 100% target for this KPI_1. 

These colleges were given equal share (25%) for 

them to achieve in their respective units. The 

College/Institute’s target may be different from each 
other. The institution has a setup of 52 total number 

of weeks in a year. Weeks 1 to 7 are the busy days of 

submission of KPI achievement.  

The KPI performance of YUC in week 3 is 5%. After 

applying the formula or algorithm, this achieved 

value is equivalent to 0.8 (fig.2). The 12% 

achievement in week 7 is equivalent to 1.8. So far, 

the KPE of YUC for KPI_1 is 2.53. Notice that 

although YUC has achieved 68% of KPI_1, lower 

than YELI having 80%, YUC (2.53) has performed 

better than YELI (2.24) because of the degree of 

difficulty for YUC to achieve the KPI_1.  
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Fig. 1. KPI Submission. 

 

 
Fig. 2. Key Performance Equivalence 

 

Sample computation (at week #7, YELI): 

= (3*(10/25))*((52-(7-3))/52) 

 

The KPMFL Algorithm 

The KPMFL algorithm is a machine that learns from 

small data sets. It is designed to determine a line 
equation of the most points (weeks and KPEs) that 

are close to this line equation. This line equation is 

used to predict the KPE of a specified future week 

(SAS Analytics, n.d.). KPMFL generally removes 

KPE outliers. Based from the computed KPE values, 

KPMFL analyses these KPE data and predicts either 

the minimum or maximum KPE value depending on 

the greatest points that are close to the line equation. 

This is contrary to the best fit line of the Least Square 

algorithm that produces the middle line from all the 

points. Therefore, the predicted KPI performance will 

be the KPMFL values or between KPMFL value and 
the LS value.  

 

KPMFL equation KPMFL algorithm utilizes the 

slope of the line equation,  

 
The X’s are the weeks of submission. The Y’s are the 

X’s respective KPE average values. Averages of 
KPEs (Y’s) per week submission and two-week 

submission are needed in the algorithm. The length of 

the X’s (weeks) is divided into half. This half serves 

as a fulcrum to find the best fit line. The deciding 

factor is the KPE Difference.  

The KPE Difference is the distance between the KPE 

average per week or two-week pair to the New 

computed KPE (y-intercept). By getting the average 

of the New KPEs, we are actually removing outliers. 

The closest New KPE average to zero is the Key 

Performance Most Fit Line. The following is the 
algorithm. 

 

The Key Performance Most Fit Line Algorithm 

For every KPI in the current year: 

1. Split weeks in half. In case of odd number, the 

first half’s upper limit and the second half’s 

lower limit are the same mid-point.  

a. Make all possible one-week or two-week pairs of 

significant weeks per half. 

b. Compute their respective KPE averages. 

2. Make all possible pairs (X’s and Y’s) between 
the weeks in the first half (x1, y1) and those 

weeks in the second half (x2, y2). 

3. For each pair, i.e. [(x1, y1), (x2, y2)]: 

a. Calculate the slope. 

b. Calculate the New KPEs for each significant 

week. 

c. Calculate the KPE difference. KPE difference is 

the absolute value of the difference between one-

week or two-week pair averaged KPE and the 

new KPE. 

4.  The average of KPE differences closest to zero 

will be used to predict the KPE performance for 
any given future week. 

 

How does key performance most fit line algorithm 

work? 

Table 1contains the collection of KPI reports for KPI 

number 1. The x is the number of weeks. Weeks 1 to 

5 means that for the first 5 weeks, colleges/institutes 

did not miss any KPI report. The y is the average 

KPEs. 

 
Table 1. KPMFL sample data on weeks (x) and KPEs (y). 

KPI #1 

x y 

1 1.00 

2 2.00 

3 1.30 

4 3.75 

5 2.25 

 

STEP 1: Split weeks in half (table 2). 

 
Table 2. KPMFL’s step 1 in scatter plot chart. 

 

 
Result: 

1st half: 1, 2, 3 

2nd half: 3, 4, 6             

 

d. Make all possible one-week or two-week 

pairs of significant weeks per half (table 3). 
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Result: 
Table 3.  KPMFL’s step 1 with one- and two-week pairs per half. 

Half 1  Half 2 

1  3 

2  4 

3  5 

1, 2  3, 4 

1, 3  3, 5 

2, 3  4, 5 

 
e. Compute their respective KPE averages (table 4). 

Result: 

 
Table 4. KPMFL’s step 1 with pairs’ KPEs computed averages. 

Half 1  Half 2 

1-WEEK & 

2-WEEK PAIR 
KPE  

1-WEEK & 

2-WEEK PAIR 
KPE 

1 1.00  3 1.30 

2 2.00  4 3.75 

3 1.30  5 2.25 

1, 2 1.50  3, 4 2.53 

1, 3 1.15  3, 5 1.78 

2, 3 1.65  4, 5 3.00 

 

Step 2: Make all possible pairs (X’s and Y’s) between the weeks in the first half (x1, y1) and those weeks in the 

second half (x2, y2) (table 5). 
 

Table 5. KPMFL’s step 2 with pair combinations between the first and the second half. 

PAIR  PAIR 

Half 1 Half 2  Half 1 Half 2 

1 3  2, 3 4 

1 4  2, 3 5 

1 5  1 3, 4 

2 3  2 3, 4 

2 4  1 3, 5 

2 5  2 3, 5 

3 4  1 4, 5 

3 5  2 4, 5 

1, 2 3  3 4, 5 

1, 2 4  1, 2 4, 5 

1, 2 5  1, 2 3, 5 

1, 3 4  1, 3 4, 5 

1, 3 5  1, 3 3, 5 

 
Step 3: For each pair, i.e. [(x1, y1), (x2, y2)]: 

a. Calculate the slope. 

b. Calculate the New KPEs for each significant week. 

c. Calculate the KPE difference. KPE difference is the absolute value of the difference between one-week or 

two-week pair averaged KPE and the new KPE. 

Let us take just 4 pairs to illustrate this step (table 6-9). These pairs are (1, 5), (2, 4), ((1, 2), (4, 5)), and ((1, 3), 

(3, 5)). The results of these pairs will be compared to the result of the Least Square algorithm. One added row is 

week 6. Week 6’s KPE (shaded box) is the one we are predicting (table 6). 
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Table 6.  KPMFL’s step 3 data and computations using pair (1, 5). 

Week (x) KPE AVE (y) 

slope @ 

pair (1, 5) NEW KPE KPE Difference 

1 1.00 0.31 1 0.00 

2 2.00   1.3 0.70 

3 1.30   1.6 0.30 

4 3.75   1.9 1.85 

5 2.25   2.2 0.05 

6 

 

  2.5 

  AVE 0.58 

 
Table 7.  KPMFL’s step 3 data and computations using pair (2, 4). 

 
Table 8.  KPMFL’s step 3 data and computations using pair (1, 2) and (4, 5). 

slope @ pair 

(1, 2) and (4, 5) 
NEW KPE KPE Difference 

0.50 1.5 0.50 

 
2 0.00 

 
2.5 1.20 

 
3 0.75 

 
3.5 1.25 

 
4 

 

 
AVE 0.74 

 
Table 9.  KPMFL’s step 3 data and computations using pair (1, 3) and (3, 5). 

slope @ pair 

(1, 3) and (3, 5) 
NEW KPE KPE Difference 

0.21 1.15 0.15 

 
1.36 0.64 

 
1.57 0.27 

 
1.78 1.97 

 
1.99 0.26 

 
2.2  

 
AVE 0.66 

 

Step 4: Get average KPE difference closest to zero. 

Result:  Based from the 4 illustrated examples in step 

3, we will pick pair (1, 5) in table 6 as the Key 
Performance Most Fit Line. To determine the 

difference between KPMFL and Least Square, let us 

take the result of the Least Square algorithm taking 

the same data. The following table is the result. Table 

10 shows Least Square’s prediction of 3.34 KPE for 

week 6. The average of KPE differences is 0.65. 

Compare this value with the KPMFL’s pair (1, 5) 

prediction of 2.5 at an average of KPE difference of 

0.58. The two results can be visualized in the 
following graph. The Least Square produces a best fit 

line taking the average middle points of the weekly 

KPEs. The KPMFL’s prediction is taking the greatest 

points thatare nearer to the formulated line equation. 

This means the predicted value of 2.5 is more likely 

to be the minimum prediction rather than an average 

slope @ 

pair (2, 4) 
NEW KPE KPE Difference 

0.88 1.12 1.12 

 
2 1.92 

 
2.88 1.34 

 
3.76 3.75 

 
4.64 2.21 

 
5.52 

 

 
AVE 2.07 
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prediction in the case of the Least Square method. 

The KPMFL result is more on removing outliers and 
based its prediction on the greatest points that are 

closer to each other. In some other cases, KPMFL 

may predict the maximum value and the LS value 
will serve as the minimum. 

 
Table 10. Performance Prediction using Least Square algorithm. 

Least Square Algorithm 

x y X' Y' x-X' y-Y' (x-X') (y-Y') (x-X')2 m b NEW KPE KPE DIFF 

1 1.00 3.00 2.06 -2.00 -1.06 2.12 4.00 0.43 0.79 1.21 0.21 

2 2.00 
  

-1.00 -0.06 0.06 1.00 
  

1.64 0.37 

3 1.30 
  

0.00 -0.76 0.00 0.00 
  

2.06 0.76 

4 3.75 
  

1.00 1.69 1.69 1.00 
  

2.49 1.27 

5 2.25 
  

2.00 0.19 0.38 4.00 
  

2.91 0.66 

6 
    

∑ 4.25 10.00 
  

3.34 
 

          
AVE 0.65 

  

 
Fig. 3. MS Excel’s Scatter Plot chart for Least Square and 

KPMFL algorithms. 

 

IV. CONCLUSIONS 

 

The averages of the absolute values of their averaged 
KPE show that the KPMFL is closer to zero or the 

KPMFL’s average KPE is lower than LS’s average 

KPE. As LS method finds the best fit lineas among 

all the KPEs, the KPMFL method finds the mostfit 

line as thatin which majority of the KPEs fall. 

KPMFL simply removes outliers. 
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