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1. Introduction 
 
        We know that we can use Lagrange interpolation to convert a function to 
polynomials and we can use the linear equations system to deduce a polynomials 
equation directly by taking points equally distributed over the interval and by solving 
these equations together we can deduce what's called the generated function g(x) that 
replace any interval from a function to approximation series of polynomials. 

y = g(x) = ∑
∞=

=

n

n 0

anxn 

y = g(x) = a0x0+ a1x1+ a2x2 …… 
        By substituting with number of points equal to the unknowns and their 
related values over the function curve then we can get the coefficients a0, a1, 
a2…….we can see that in the matrix form below. 
A= [ ]........................... a3   a2   a1   ao  where it dimensions 1*∞ 
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      x2^4      x1^4xo^4
      x2^3      x1^3xo^3
      x2^2      x1^2xo^2

1       x2^      x1^1xo^1
.....................      x2^0      x1^0xo^0

 where it dimensions ∞*∞  

 
 
And A.X=F where 
F = [ ]......... F(x3)  F(x2)  F(x1)  F(xo)  where its dimensions 1*∞ from 1*∞.∞*∞ 
        Using the properties of g(x) we can get g(x) and limit it to number of terms 
equal 3, 4, 5 depend on the accuracy and the width of step. Instead of matrix solution 
we can directly solve it using linear equations system to get 
g(x) = a0 + a1x   or g(x) = a0 + a1x + a2x2   or g(x) = a0 + a1x ….. a4x4 or else 
        If we want to get g(x) with three terms for a specific interval from a specific 
function…then 
f(x1) = a0+ a1* x1+ a2 * x1

2 
f(x2) = a0+ a1* x2+ a2 * x2

2 
f(x3) = a0+ a1* x3+ a2 * x3

2 
 
        After solving the three equations then we can get a0, a1, a2 
        The same if we want g(x) with 4 terms 
f(x1) = a0+ a1* x1+ a2 * x1

2 + a3 * x1
3 

f(x2) = a0+ a1* x2+ a2 * x2
2 + a3 * x2

2 
f(x3) = a0+ a1* x3+ a2 * x3

2 + a3 * x3
2 

f(x4) = a0+ a1* x4+ a2 * x4
2 + a3 * x4

2 
 
        We choose the points by equal distance from the start to the end of the 
interval. 
 
 

2. Using the generated function for numerical integration 
 
        By converting interval from f(x) to limited series of anxn with 2 or 3 or 
4….terms then we can use the result to make integration to the series instead of the 
interval.   
        We divide the limits of integration to  number of intervals and we deduce 
the integration result for each interval and make a summation to them to get the final 
result like any other numerical method.  
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  =   (xn+1) from x=a to x=b 

 
 =  = x +  x2 + x3……… 

 

Generally  = ∑
∞=

=

n

n 0

 xn+1 

        The meaning of that g(x) always easily to be integrated and we will deal on 
this basis and taking into account the properties which we will clear later. One of them 
about the length of series used to replace the intervals.  
g(x) = a0 + a1x   or g(x) = a0 + a1x + a2x2   or   g(x) = a0 + a1x …. a4x4 or else… 
        Also the step width or the subintervals (width of the interval). 
        We have to show the difference in handling between the functions that have a 
high rate of change like exp(x), 10^x, and functions with frequency like sin(100x), 
cos(x^3) and functions with low rate of change like ln(x). 
        Now I will draw generally the procedure to make an integration process using 
the generated function over interval by interval to cover a limited integration. 
 
 

3. The steps of solution using the generated function 
method  
 

        I will clear the logical steps we follow and collect those steps in Example (1). 
3.1.   The first step 

        Choice of the width of interval to know the number of intervals inside the 
limits. 

3.2.   The second step 
        Start solving the intervals and deducing the generated functions for each 
interval.  

3.3.   The third step 
        Make the integration process for g1(x) , g2(x)….And make a summation to 
them. g1(x) the generated function for the first interval, g2(x) for the second 
interval…etc. 
        Now I will illustrate all the steps above concatenated in the below example. 
Example (1):   

Step (1): Ln(x) change slowly (we will show in the properties) so I will take the step 
with (1) unit over x-axis which mean that we will have three intervals (3 of g(x)). 
Step (2): to get g1(x) from x = 4 to x = 5 
Ln (4) = 1.38629 = a0 + 4a1 + 16a2, 
Ln (4.5) = 1.50408 = a0 + 4.5a1 + 4.5*4.5a2, 
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Ln (5) = 1.60944 = a0 + 5a1 + 25a2 
After solving the three equations then g1(x) = -3.51/1000 + 0.44689*x - 0.02486*x2 
To get g2(x) from x = 5 to x = 6 
Ln (5) = 1.60944 = a0 + 5a1 + 25a2, 
Ln (5.5) = 1.70475 = a0 + 5.5a1 + 5.5*5.5a2, 
Ln (6) = 1.79176 = a0 + 6a1 + 36a2 
After solving the three equations then g2(x) = 0.19984 + 0.36492x -0.0166x2    
To get  g3(x)  from  x = 6  to  x = 7 
Ln(6) = a0 + 6a1 + 36a2 
Ln(6.5) = a0 + 6.5a1 + 6.5*6.5* a2 
Ln(7) = a0 + 7a1 + 49a2 
After solving the three equations then g3(x) = 0.36874 + 0.30833*x - 0.01186*x2 
Step (3):   =  +  +  

 = 1.502 + 1.703 + 1.870 = 5.075  

        Table 1. Show us a comparison between our result with three subintervals and 
some of the other numerical methods with 100 & 10000 sub intervals!! 
Method Result Method Result 
Generated function with 3
subint. 
Left endpoint with 100 subint. 
Midpoint with 100 subint. 
Right endpoint with 100
subint. 
Trapezoid with 100 subint. 
Parabola with 100 subint. 

5.075 
5.06779 
5.07620 
5.08458 
5.07619 
5.07619 

Left endpoint with 10000
subint. 
Midpoint with 10000 subint. 
Right endpoint with 10000
subint. 
Trapezoid with 10000 subint. 
Parabola with 10000 subint. 

5.07611 
5.07619 
5.07628 
5.07619 
5.07619 

Table 1. 
4. The properties of the method followed by example for 

each one 
        Through the properties we will know the tracks and the hints we must to 
follow when we use this method to deal will the different circumstances. 

4.1. Width of the interval and the accuracy (number of subintervals) 
        If we want to make integration for function from x1 to x2 then the increasing 
in the number of intervals (smaller steps) will increase the accuracy too. 
        For example if we want to make the integration from x=3 to x=5 then if we 
take 9 intervals that will give higher accuracy more than 6 more than 4 more than 
3…etc 
        This property because of the known interpolation characteristics. 
       I will show clearly the meaning of this property in the below example. 
Example (2):   
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(a)  1  subinterval, (b)  2  subintervals, (c) 4  subintervals, (d)  8  
subintervals 

We will compare at last all the results VS the exact solution result in table 2.        
(a)   In one interval. 

Exp(15) =3269017.372 = a0 +15a1+225a2, 
Exp(15.5)=5389698.476=a0+15.5a1+15.5*15.5a2, 
Exp(16) = 8886110.521 = a0+16a1+16256a2 
Then g(x)=579363471.8–79678225.19*x+2751461.882*x2 

 ≅  = 5618775.02 

     (b)  In two subintervals. 

To get g1(x) (interval 15 to 15.5). 
Exp(15) = 3269017.372 = a0+ 15a1+15*15a2, 
Exp(15.25)=4197501.394=a0+15.25a1+15.25*15.25a2, 
Exp(15.5)=5389698.476=a0+15.5a1+15.5*15.5a2 
Then g1(x) = 430154875.9 – 60104624.43*x + 2109704.48*x2 
To get g2(x) (interval 15.5 to 16). 
Exp(15.5)=5389698.476=a0+15.5a1+15.5*15.5a2, 
Exp(15.75)=6920509.832=a0+15.75a1+15.75*15.75a2, 
Exp(16) = 8886110.521 = a0+ 16a1+256a2 
Then g2(x) = 759622961.8 – 102574087.8*x + 3478314.664*x2 

≅  +  

= 2120726.8245 + 3496487.58866 = 5617214.413 
    (c)  (4 subintervals)  

To get g1 (x) its interval from x=15 to x=15.25 
Exp(15) = 3269017.372 = a0+ 15a1+15*15a2, 
Exp(15.125)=3704281.979=a0+15.125a1+15.125*15.125a2, 
Exp(15.25)=4197501.394=a0+15.25a1+15.25*15.25a2 
Then g1(x) = 371789170.6 – 52386318.06*x + 1854553.856*x2 
To get g2(x) its interval from (15.25-15.5)  
Exp(15.25)=4197501.794=a0+15.25a1+15.25*15.25a2, 
Exp(15.375)=4756392.211=a0+15.375a1+15.375*15.375a2, 
Exp(15.5)=5389698.476=a0+15.5a1+15.5*15.5a2 
Then g2(x) = 494351928.1- 68456012.5*x + 2381294 .336*x2 
To get g3 (x) which cover the interval from (15.5-15.75)  
Exp(15.5)=a0+15.5a1+15.5*15.5a2=5389698.476 
Exp(15.625)=a0+15.625a1+15.625*15.625a2= 6107328.491 
Exp(15.75)=a0+15.75a1+15.75*15.75a2=6920509.832 
Then g3(x) = 656926353.1 – 89428080.58*x +3057642.432*x2 
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To get g4(x) which cover the interval from (15.75-16) 
Exp(15.75)=a0+15.75a1+15.75*15.75a2= 6920509.832, 
Exp(15.875)=a0+15.875a1+15.875*15.875a2= 7841965.01, 
Exp(16) = a0+ 16 a1+16*16a2 = 8886110.571 
Then g4 (x) = 872462511.7-116790975.6*x + 3926090.656*x2 

 ≅    

+ + +  

=928485.25029+1192198.72079+1535813.40837+1965603.22933 = 567100.609 
 (8 subintervals)  

To get g1(x)  x=15-15.125 
Exp(15) =3269017.37247 = a0 +15a1+15*15a2 
Exp(15.0625)=3479850.87910=a0+15.0625a1+15.0625*15.06125a2 
Exp(15.125)=3704281.97867=a0+15.125a1+15.125*15.125a2 
Then g1 (x) = 345911363.6 – 48950201.53*x +1740491.896*x2 
To get g2 (x) x=15.125-15.25 
Exp(15.125)=3269017.37247=a0+15.125a1+15.125*15.125a2 
Exp(15.1875)=3479850.87910=a0+15.1875a1+15.1875*15.1875a2 
Exp(15.25)=3704281.97867=a0+15.25a1+15.25*15.25a2 
Then g2(x) = 398933223.2 – 55960904.04*x +1972235.699*x2 
To get g3 (x)  x= (15.25 – 15.375)  
Exp(15.25) = a0+ 15.25a1+15.25*15.25a2 
Exp(15.3125)=a0+15.3125a1+15.3125*15.3125a2 
Exp(15.375)=a0+15.375a1+15.375*15.375a2 
Then g3(x) = 460011955.4 – 63970720.79*x +2234835.831*x2 
To get g4(x) = (15.375-15.5) 
Exp(15.375) = a0+ 15.375a1+15.375*15.375a2 
Exp(15.4375)=a0+15.4375a1+15.4375*15.4375a2 
Exp(15.5) = a0+15.5a1+15.5*15.5a2 
Then g4(x) = 530362478.4 – 73121423.44*x + 2532400.763*x2 
To get g5(x) from 15.5-15.625  
Exp (15.5) = a0+15.5a1+15.5*15.5a2 
Exp(15.5625)=a0+15.5625a1+15.5625*15.5625a2 
Exp (15.625) = a0+15.625a1+15.625*15.625a2 
Then g5(x) = 611381438.4 – 83574824.43*x + 2869586.009*x2 
To get g6(x)  x= 15.625 – 15.75  
Exp (15.625) = a0+15.625a1+15.625*15.625a2 
Exp(15.6875)=a0+15.6875a1+15.6875*15.6875a2 
Exp (15.75) = a0+15.75a1+15.75*15.75a2 
Then g6(x) = 704674573.8 – 95575599.76*x +3251666.948*x2 
To get g6(x)  x= 15.75 – 15.875  
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Exp (15.75) = a0+15.75a1+15.75*15.75a2 
Exp(15.8125)=a0+15.8125a1+15.8125*15.8125a2 
Exp (15.875) = a0+15.875a1+15.875*15.875a2 
Then g7(x)= 3684621.371*x2 – 109154509.4*x + 812087644.4 
To get g8(x)  x= 15.875 -16  
Exp (15.875) = a0+15.875a1+15.875*15.875a2 
Exp(15.9375)=a0+15.9375a1+15.9375*15.9375a2 
Exp (16) = a0+16a1+16*16a2 
Then g8(x) = 935742128.9 - 12432069.3*x + 4175223.007*x2 

≅ +

+ + + +  

=435264.62767+493219.45011+558890.85286+633356.30809+717630.0541 
+813181.41434+921455.30208+1044145.52030=5617093.541 
        We will make a comparison between the result from (a) .(b) .(c) and (d) VS 
some of the other numerical methods using (1000) subintervals. 
Method Function  

to be integrated 
limits The result value 

(a) in EX(2) 
(b) in EX(2) 
(c) in EX(2) 
(d) in EX(2) 

Exp(x) 
Exp(x) 
Exp(x) 
Exp(x) 

15 to 16 
15 to 16 
15 to 16 
15 to 16 

561877.502 
5617214.413 
5617100.609 
5617093.541 

Left endpoint  
Midpoint  
Right endpoint  
Trapezoid. 
Parabola  

Exp(x) 
Exp(x) 
Exp(x) 
Exp(x) 
Exp(x) 

15 to 16 
15 to 16 
15 to 16 
15 to 16 
15 to 16 

5614285.06955 
5617092.91399 
5619902.16270 
5617093.61613 
5617093.14804 

(exact) Exp(x) 15 to 16 5617093.148 
Table 2. 
        By looking at the previous table we can deduce that in (d) in ex(2) we reach 
to highest accuracy with 8 subintervals that the other numerical methods didn't 
achieve with 1000 subintervals!!!!! .Also we can deduce that in the same interval any 
increasing in the number of the subintervals will also increase the. 

4.2. The length of the generated function (number of terms) and the 
accuracy 

       In the same interval any increasing in the number of terms will increase the 
accuracy and minimize the error. 
       If we take the step equal 0.5 and we take g(x) with 6 terms the result will be 
more accurate than g(x) with 4 terms at the same step 
        This property because of the known interpolation characteristics. 
        In the next example I will clear the meaning of this important property. 
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Example (3):  in step = 1 (1 subinterval). 

(a) Taking g(x) = a0 + a1 x + a2x2 + a3x3 +a4x4 
(b) Taking g(x) = a0 + a1 x …….. a5x5 
(c) Taking g(x) = a0 + a1 x ……… a10x10 
(d) Compare the results VS the exact VS the result from other numerical methods. 
Sol. 
(a)  In one interval using (5) points to get (5) terms in g(x) 

Exp (15) = a0 + a1 15 + a2152 + a3153 +a4154 
Exp (15.25) = a0 + a1 15.25 + a215.252 + a315.253 +a415.254 
Exp (15.5) = a0 + a1 15.5 + a215.52 + a315.53 +a415.54 
Exp (15.75) = a0 + a1 15.75 + a215.752 + a315.753 +a415.754 
Exp (16) = a0 + a1 16 + a2162 + a3163 +a4164 
Then g(x)= 10269477670.50387-2800632920.111760*x+287374502.0692*x2 
-13156697.986560*x3+226921.04469333333*x4 

 ≅  = 5617092.92762. 

See also figure (1) which represent the error between g(x) and exp(x) 

 
Figure 1. 
        In this figure we see the error values in case of we take g (x) =  a0 + a1 x +  a2 x 2  + a3 x 3 
to cover exp(x) from x=15 to x=16 so we put in y-axis exp(x)-g(x) and its clear that the error is low 
compared to exp(x) values where exp(15) = 3269017.372 & exp(16) = 8886110.521 where the 
maximum error value in the figure nearly = -175 at exp(15.9) and that in percentage = 0.0021%. 

(b)  Using one subinterval and g(x) with (6) terms  

Exp (15) = a0 + a1 *15 + a2*152 ……………… +a5*155 
Exp(15.2)=a0+a1*15.2+a2*15.22………………+a5 *15.25 
Exp(15.4)=a0+a1*15.4+a2*15.42………………+a5 *15.45 
Exp(15.6)=a0+a1*15.6+a2*15.62………………+a5*15.65 
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Exp(15.8)=a0+a1*15.8+a2*15.82………………+a5*15.85 
Exp(16)=a0+a116+a2162 ………………+a5*165 
Then g(x)= -30180622155.69813+10255632378.3786650*x -1398098435.623750*x2 
+95620552.29833333*x3-3282761.681250*x4+45289.87604166667*x5 

 ≅  = 5617094.73195. 

 
Figure 2. 
        In this figure we take g (x) =  a0 + a1 x +  a2 x 2  ……..+  a5 x 5  to increase the accuracy 
when we cover the same f(x) in the previous figure exp(x) from x= 15 to x = 16 and the error values 
max. is -9 at x=15.9 so the error max. Percentage =9/exp (15.9) = 0.00011%. 
 
(c)  In one interval with g(x) = a0+a1x ……………………….. a10x10 so 

we need (11) point to get a0 , a1 ,a2……….. a10  from (11) equations. 
Exp (15) = a0 + 15a1 + 152 a2 + 153 a3………… 1510 a10 
Exp(15.1)= a0 + 15.1a1 + 15.12a2 + 15.13a3………… 15.110a10 
Exp(15.2)= a0 + 15.2a1 + 15.22a2 + 15.23a3………… 15.210a10 
Exp(15.3)= a0 + 15.3a1 + 15.32a2 + 15.33a3………… 15.310a10 
Exp(15.4)= a0 + 15.4a1 + 15.42a2 + 15.43a3………… 15.410a10 
Exp(15.5)= a0 + 15.5a1 + 15.52a2 + 15.53a3………… 15.510a10 
Exp(15.6)= a0 + 15.6a1 + 15.62a2 + 15.63a3………… 15.610a10 
Exp(15.7)= a0 + 15.7a1 + 15.72a2  + 15.73a3………… 15.710a10 
Exp(15.8)= a0 + 15.8a1 + 15.82a2  + 15.83a3………… 15.84a10 
Exp(15.9)= a0 + 15.9a1 + 15.92a2  + 15.93a3………… 15.910a10 
Exp(16)=a0+16a1+ 162a2+163a3……… 1610 a10 
After solving the above 11 equations we get a0 . a1………. a10 then 
g(x)= +219287168126.18347-160857686477.55929563492*x 
+52816751927.0576138*x2-10235055255.6465485*x3+1297690018.78413*x4 

-112588518.14155*x5+6775294.76018518*x6 
-279473.50859788359*x7+7568.783068783*x8 -121.6380070546737*x9 
+0.88183421516754*x10 
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 ≅  = =5617093.1482. 

 
Figure 3. 
        In this figure we take g(x) =  a0 + a1 x +  a2 x 2  ……..+  a10 x 10 to cover exp(x) from x= 
15 to x= 16 and the accuracy are very high here higher than the past two figures and we can deduce that 
from the error values in this figure compared to the past figures and the exp(x) values also. 
 
(d)  We will make a comparison between the result of integration of Exp(x) by exact 
method VS the results from my methods in Ex(3)  

Function  the limits The method The result value 
Exp(x) 15 to 16 Exact method 5617093.148 
Exp(x) 
Exp(x) 
Exp(x) 

15 to 16 
15 to 16 
15 to 16 

Ex (3) (a) 
Ex (3) (b) 
Ex (3) (c) 

5617095.95762 
5617094.73195 
5617093.1482 

Exp(x) 
Exp(x) 
Exp(x) 
Exp(x) 
Exp(x) 

15 to 16 
15 to 16 
15 to 16 
15 to 16 
15 to 16 

Left endpoint 1000 subint. 
Midpoint 1000 subint. 
Right endpoint 1000 subint. 
Trapezoid 1000 subint. 
Parabola 1000 subint. 

5614285.06955 
5617092.91399 
5619902.16270 
5617093.61613 
5617093.14804 

Table 3.        
       Form the above table we see how the length of the series of g(x) affect the 
result which appear in Ex (3) (a). (b) and (c) where (a) is accurate but (b) is more and 
(c) is the most accurate equal the exact solution Which no method achieve except 
parabola but with (1000) subinterval and we achieve with one interval!!!. 

4.3. Conciliation between the number of terms and the width of the step 
with accuracy 

       In the previous two properties we had two variable actions. One of them 
about the number of intervals or the step width and the second was the number of 
terms or the length of the series. 
      In the first property we make the number of terms constant and we change the 
step width and see the accuracy change too. 
      In the second property we make the step width constant and we change the  
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number of terms and see the accuracy change too. 
      In this property we will make a combination between the previous two 
properties to get better results and take advantage from the number of terms beside the 
width of interval so we can get high results. 
      We prefer to have wide step width to have finally low number of subintervals 
used to cover the limited integration and also we prefer minimize the number of terms 
used to get g(x) for each subinterval because that will be easier. In order to make a 
combination between these two wishes we have to trade off between them. 
      Minimize the number of terms used to get g(x) for each subinterval but in this 
case the subinterval width have to be small or take a wide step width but in this case 
the number of terms used to get g(x) for each subinterval must be high. 
       I will show this property clearly through the next two examples. 
       In example (4) I will take g(x) with 3 terms but with step width = 1/8 over 
x-axis where in example (5) I will take g(x) with 11 terms but with step width = unit 
over x-axis.  
Example (4): 
        Multiple functions in table 4 with different integration limits using the 
generated function method g(x) with three terms for each subinterval where the step 
width = 1/8 over x-axis and compare the results with other numerical methods results 
in table 5. 
        I made a MATLAB code and activate it in the MATLAB program to 
deduce this results (I will mention the code in the end of the research). 
        First to make the table organized I will give the functions that I will make 
the integration process on it a numbers in the next table. 
 
 
Function number Function number 
Ln(x) 
x*sin(x) 
ln(x)*sin(x) 
(ln(x^2))^3/(x^2) 
(ln(x^2))^3/sin(x) 
1/sin(x) 
x^ln(x) 
x^sin(x^2) 

1 
2 
3 
4 
5 
6 
7 
8 

sin(x)^ln(x) 
x*sin(x)*ln(x) 
(2^x)/(x^6) 
(x*sin(x))/cos(1/x^2) 
sin(x)/1.1^x 
sin(x)/1.1^x 
ln(1000+100*x^2+x^4)

9 
10 
11 
12 
13 
14 
15 

 
 
Table 4.  
 In the next table: 

• (N.) means the number 
• The first column N. include the functions to be integrated according to their 

number which we gave in the past table 
• The second column include the limits of the integration process by the order first 

limit, second limit. 
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N. limits g(x) step=1/8 Left 
endpoint 

midpoint Right 
endpoint 

trapezoid parabola Subint. 
N. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

5,10 
4,8 
12,19 
3,10 
7,9 
7,9 
2,6 
1,5 
1,3 
1,20 
33,55 
20,130 
-12,-1 
-20,5 
-100,100 

9.97866 
0.29558 
-0.75935 
8.42588 
183.43809 
2.51609 
35.57698 
5.13069 
1.57696 
-22.24584 
2242667.22 
54.06650 
2.28204 
2.02224 
2962.41754 

9.97693 
0.27371 
-0.76556 
8.42659 
183.42505 
2.51598 
35.53066 
5.13086 
1.57784 
-22.29779 
2242524.02 
54.14304 
2.29637 
2.01530 
2962.41755 

9.97866 
0.29558 
-0.75935 
8.42589 
183.43666 
2.51607 
35.57698 
5.13046 
1.57696 
-22.24584 
2242667.19 
54.06650 
2.28204 
2.02224 
2962.41754 

9.98039 
0.31747 
-0.75314 
8.42518 
183.44828 
2.51616 
35.62335 
5.13010 
1.57607 
-22.19386 
2242810.37 
53.98985 
2.26766 
2.02917 
2962.41755 

9.97866 
0.29559 
-0.75935 
8.42588 
183.43667 
2.51607 
35.57701 
5.13048 
1.57696 
-22.24583 
2242667.2 
54.06649 
2.28202 
2.02224 
2962.417551 

9.97866 
0.29559 
-0.75935 
8.42588 
183.43666 
2.51607 
35.57699 
5.13046 
1.57696 
-22.24584 
2242667.19 
54.06650 
2.28204 
2.02224 
2962.41755 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
10000 
100000 
100000 
1000 
10000 
10000 

Table 5. 
Example (5): 
        Multiple functions in table 6 with different integration limits using the 
generated function method g(x) with 11 terms for each subinterval where the step 
width = 1 over x-axis and compare the results with other numerical methods results in 
table 7. 
        I made a MATLAB code and activate it in the MATLAB program to 
deduce this results (I will mention the code in the end of the research). 
Function number Function number 
x*sin(x) 
ln(x)*sin(x) 
ln(x)*sin(x)*x^5 
x*(2^sin(x)) 

1 
2 
3 
4 

x*(2^sin(x)) 
(x*ln(x))^sin(x) 
(x^3)*sin(x)/ln(x) 

5 
6 
7 

Table 6. 
In the next table: 

• (N.) means the number 
• The first column N. include the functions to be integrated according to their 

number which we gave in the past table 
• The second column include the limits of the integration process by the order first 

limit, second limit. 
N. limits g(x) step=1 Left endpoint midpoint Right 

endpoint 
trapezoid parabola Subint. 

N. 
1 
2 
3 
4 
5 
6 
7 

-5,5 
2,18 
2,18 
-5,5 
-5,5 
7,14 
2,14 

-4.75447 
-2.66346 
-4520215.06 
-3.53604 
-3.53604 
43.29982 
43.573177 

-4.75417 
-2.66324 
-451988.692 
-3.59736 
-3.53653 
43.28939 
42.69159 

-4.75447 
-2.66347 
-4520215.05 
-3.53592 
-3.53591 
43.29994 
43.57323 

-4.75447 
-2.66369 
-4520543.17 
-3.47445 
-3.53530 
43.31049 
44.18499 

-4.75447 
-2.66347 
-4520215.05 
-3.53590 
-3.53591 
43.29991 
43.57329 

-4.75447 
-2.66347 
-4519886.92 
-3.53591 
-3.53591 
43.29991 
43.57325 

10000 
100000 
100000 
1000 
100000 
10000 
10000 

Table 7. 



Using the generated function as a numerical integration method            3823 
 
 
        As we see in the previous example taking 11 terms in generated function 
and make to them an integration this will give very accurate answer by taking an 
interval = 1 and in some functions in this example we take 10000 or (100000) because 
(1000) subintervals is not enough sometimes!!! to get accurate results in the other 
numerical methods unlike my method which give accuracy with little number of 
intervals .And we can see the function x*(2^sin(x)) we need (100000) subinterval to 
get the same result that I get with 10 intervals only!!!!! 

4.4. Dealing with functions with high rate of change or frequency 
4.4.1. Functions with frequency 

        like we see in the previous Examples that using the generated function in 
the numerical integration is very useful that replace more than 10000 operations some 
times to several of tens operations by computer. there is another problem in numerical 
integration generally and our method specially and this problem because of some 
functions like (sin) or (cos) which has a specific frequency. If this frequency more 
than the sampling frequency (step frequency) it will be a problem and let's see the 
below example to see that. 
Example (6): 
By taking 1000 subintervals in the next functions 

function limits Left endpoint Right endpoint midpoint trapezoid parabola 
sin(x) 
sin(100x) 
sin(10000x) 
10*sin(1000000x) 

0,5 
0,5 
0,5 
1,7 

0.7183 
0.01961 
-0.01656 
-0.0328 

0.71634 
0.01727 
-0.02156 
-0.0519 

0.71634 
0.01904 
-0.01923 
0.07109 

0.71634 
0.01844 
-0.01906 
-0.042 

0.71634 
0.01884 
-0.01917 
0.0332 

Table 8. 
        By looking to the result we can deduce that at sin(x) (low relative frequency 
lower than the sampling one) the result was accurate. At sin(100x) the accuracy 
decreased and at sin(10000x) it become low and wrong result at 10*sin(1000000x) so 
if we do my method it will be wrong faster because the sampling frequency in my 
method if we take the step =1/8 equal 8 per unit over x-axis. So we have two solutions 
to this problem 
First: take high sampling frequency that can cover the given function.  
Second: transfer the variables by make the frequency in the range. 
Ex:   

1000 x = y  & dx = dy , at x=2  y = 2000 , at x=7  y = 7000 

Then 
 =  

        we can program the computer programs with this operation by checking the 
Input functions and if the computer find any function that have a frequency make the 
transformation directly and start the solving procedure by the normal way like the  
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previous examples and the transfer like the below one . 
Example (7):   

10000 x = y & dx =  dy & x =   

at x= 3  y = 30000 & at x= 8  y = 80000 
∴  =  

4.4.2. Functions with high rate of change 
        Functions like exp(10x) or 10^10x change with high rate so this functions 
must treated carefully by taking  high frequency (steps) or take high number of 
terms. 
 
 

5. The importance of this method 
 
       Using this method gives us a lot of advantages that make us think seriously 
to use it as an effective numerical integration method. 
        First: in this method we make the integration process with the same results 
or higher than the other numerical methods but with little number of subintervals and 
that from the computational mathematics point of view is a progress. 
        Second: in a lot of other numerical methods we make operations on 
numbers and get the result in number form unlike this method we get variable 
function g(x) which replace any subinterval and make the normal integration process 
on it then we get the result in variable form and by substituting on it we get the results 
value. This gives the scientists the ability to push this method in some applications 
that the scientists prefer the variable form to push it again in another operation or 
application.  
        Third: in this method we have two options (the step width and the number 
of terms) and that give us the flexibility to operate as we want and trade or collect 
between them. The other numerical methods mostly depend on the step width only. 
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6. The MATLAB codes used to get Examples 4,5 results 
 
        The first code: in this code I 
give to the program the limit of integration 
as start and end points and the input 
function and the program take step = 1/8 
with g(x) with three terms example(4). 
Begin=          % we input here the start 
point % 
Finish=         % we input here the end 
point % 
x=begin:(1/16):finish; 
input=  % input the function to be integrated 
%   
j=begin;s=[];gen=[]; 
% loop to get a0, a1, a2 to each subinterval %  
for i=1:2:length(input)-2  
   m=[1 j j^2 ;1 j+1/16 (j+1/16)^2 ;1 j+1/8 
(j+1/8)^2 ;];                                         
f=[input(i);input(i+1);input(i+2)]; 
   sol=m\f; 
    a0=sol(1);a1=sol(2);a2=sol(3); 
  for k=j:1/16:j+1/16; % this loop to get g(x) 
% 
    gen=[ gen (a0 + a1*k + a2*k^2)]; 
    end 
% the rule calculate the integration for g(x) % 
s=[s((a0)/8+(a1*(((j+1/8))^2-(j)^2))/2+(a2*((j
+1/8)^3 -(j)^3))/3)];     
j=j+1/8; % move to the next subinterval to 
operate on it %   
end  
        The second code: the same 
given as the previous program but step = 1 
with g(x) with 11 terms like example (5). 
Begin=          % we input here the start 
point % 
Finish=         % we input here the end 
point % 
x=begin:(1/10):finish; 
input=  % input the function to be integrated 
%   
j=begin; s=[]; gen=[];  
% loop to get a0, a1………a10 to each 
subinterval %  
for i=1:10:length(input)-10 
   m=[1 j j^2 j^3 j^4 j^5 j^6 j^7 j^8 j^9 j^10; 
      1 j+0.1 (j+0.1)^2 (j+0.1)^3 (j+0.1)^4 
(j+0.1)^5 (j+0.1)^6 (j+0.1)^7 (j+0.1)^8 
(j+0.1)^9 (j+0.1)^10; 
      1 j+0.2 (j+0.2)^2 (j+0.2)^3 (j+0.2)^4 
(j+0.2)^5 (j+0.2)^6 (j+0.2)^7 (j+0.2)^8 

(j+0.2)^9 (j+0.2)^10; 
      1 j+0.3 (j+0.3)^2 (j+0.3)^3 (j+0.3)^4 
(j+0.3)^5 (j+0.3)^6 (j+0.3)^7 (j+0.3)^8 
(j+0.3)^9 (j+0.3)^10; 
      1 j+0.4 (j+0.4)^2 (j+0.4)^3 (j+0.4)^4 
(j+0.4)^5 (j+0.4)^6 (j+0.4)^7 (j+0.4)^8 
(j+0.4)^9 (j+0.4)^10; 
      1 j+0.5 (j+0.5)^2 (j+0.5)^3 (j+0.5)^4 
(j+0.5)^5 (j+0.5)^6 (j+0.5)^7 (j+0.5)^8 
(j+0.5)^9 (j+0.5)^10; 
      1 j+0.6 (j+0.6)^2 (j+0.6)^3 (j+0.6)^4 
(j+0.6)^5 (j+0.6)^6 (j+0.6)^7 (j+0.6)^8 
(j+0.6)^9 (j+0.6)^10; 
      1 j+0.7 (j+0.7)^2 (j+0.7)^3 (j+0.7)^4 
(j+0.7)^5 (j+0.7)^6 (j+0.7)^7 (j+0.7)^8 
(j+0.7)^9 (j+0.7)^10; 
      1 j+0.8 (j+0.8)^2 (j+0.8)^3 (j+0.8)^4 
(j+0.8)^5 (j+0.8)^6 (j+0.8)^7 (j+0.8)^8 
(j+0.8)^9 (j+0.8)^10; 
      1 j+0.9 (j+0.9)^2 (j+0.9)^3 (j+0.9)^4 
(j+0.9)^5 (j+0.9)^6 (j+0.9)^7 (j+0.9)^8 
(j+0.9)^9 (j+0.9)^10; 
      1 j+1 (j+1)^2 (j+1)^3 (j+1)^4 (j+1)^5 
(j+1)^6 (j+1)^7 (j+1)^8 (j+1)^9 (j+1)^10];  
f=[input(i);input(i+1);input(i+2);input(i+3);inp
ut(i+4);input(i+5);input(i+6);input(i+7);input(i
+8);input(i+9);input(i+10)]; 
      sol=m\f; 
    a0=sol(1); a1=sol(2); a2=sol(3); 
a3=sol(4);      a4=sol(5); a5=sol(6); 
a6=sol(7); a7=sol(8); a8=sol(9); a9=sol(10); 
a10=sol(11); 
    for k=j:0.1:j+0.9   % this loop to get 
g(x) % 
    gen=[ gen (a0 + a1*k + a2*k^2 + a3*k^3 
+ a4*k^4 + a5*k^5 + a6*k^6 + a7*k^7 + 
a8*k^8 + a9*k^9 + a10*k^10)]; 
    end 
% the rule calculate the integration for g(x) % 
s= [ s ((a0) + (a1 * (((j+1))^2 - (j)^2))/2 + (a2 * 
((j+1)^3 - (j)^3))/3 + (a3 * (((j+1))^4 - (j)^4))/4 
+ (a4 * (((j+1))^5 - (j)^5))/5 + (a5 * (((j+1))^6 
- (j)^6))/6 + (a6 * (((j+1))^7 - (j)^7))/7 + (a7 * 
(((j+1))^8 - (j)^8))/8 + (a8 * (((j+1))^9 - 
(j)^9))/9 + (a9 * (((j+1))^10 - (j)^10))/10 + 
(a10 * (((j+1))^11 - (j)^11))/11)];     
j=j+1;   % move to the next subinterval to 
operate on it % 
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