Synopsis of the project

The Internet has been considered by many as the “best” invention of the century. From ever since the Internet came into being, in addition to making life easier and more ‘techno-oriented’, we have had problems associated with it. We have had people complaining in various ways – “Internet is too slow during the day”; “Internet Explorer is the fastest of the browsers”; “My file takes a long time to download” are among a few comments made by many of the Internet users in common. We set out on an approach to determine if what these people was true, and if so, what are the reasons for them to occur.

This led to our statement problem – “Do the time of upload, type of browser, type of processor, type of file, number of parallel applications and the type of connection affect the time to transfer a file to another computer over the Internet”. We conducted a 26 Half Factorial DOE experiment with each of the above factors at 2 levels and with 3 replicates for each configuration. The response variable was the “Time to Upload (in seconds)” which was directly given on the computer screen. After we conducted the experiment and recorded all the data, we carried out the analysis using the statistical software package – Design Expert.

We concluded that among the above factors, Type of Connection was the one, which affected the Time to Upload to the greatest extent. There were no significant interaction effects. 

Introduction

The advent of the Internet proved to be a boon to the technological world. Along with it came a revolution in dynamic memory space with websites like www.driveway.com and www.x-drive.com et al, offering free memory space to Internet users. Users can upload any kind of files on to these websites and retrieve them at a later date depending upon their convenience. There are a lot of factors that affect the time for a file to upload on to these websites and this prompted us to conduct an experiment to study how these factors affected the time to upload. 

Our project can be subdivided into the following sections and each of them is explained in complete detail:

1. Recognition of and statement of the problem.

2. Choice of factors levels and range.

3. Selection of the response variable.

4. Choice of experimental design.

5. Performing the actual experiment.

6. Statistical analysis of the data and 

7. Conclusions and recommendations.

1. Recognition of and statement of the problem: 


Quite often, we have heard internet users exclaim “My file takes a long time to download”; “My computer is too slow when I am browsing the net”; “Internet Explorer is faster than Netscape Navigator”; “I find that browsing the net is faster at night than during the day”; “My file contains images and therefore takes a longer time to download”; “I am able to download at a faster rate in my office than when I am at home”; “The modem connection is too slow” etc. 

We have wondered as to whether these statements are reasonable and if they are, is there any explanation to them. Our search for answers to these questions provided us the impetus to conduct this particular project. We wanted to find out if there was really something that affected browsing the Internet. We wanted to investigate if the computer where the user was browsing the Internet, had to do anything with the time to upload, for a particular file.

And that lead to the statement of our problem – ”Does the time of browsing the Internet, Type of File uploaded, Speed of the processor where the user is surfing the net, the number of application files that the user is uploading and the type of connection he is using really have anything to do with the time required for a file to upload onto the Internet from a computer’s hard disk?” And if so, how did they affect? Which factor affected the most and which affected the least? Did they affect individually or did they affect interactively with another factor?
Our search for finding the answers to these questions served as the background to conduct this project.

2. Choice of factors, levels and range:

Once our objective was clear, the next step in our process was to list all the factors involved, their levels and their range. After a detailed thought process, we listed the following factors as those that would affect the time to upload a file. The following 6 factors can be called as the “Design Factors”. 

a. Upload time - is the time of day or night when the experiment was performed.

b. Type of Browser - is the browser (IE or Netscape) that the user browses the net with.

c. Type of File – is the type of file that the user uploads onto the Internet.

d. Processor Speed – is the frequency or speed of the processor of the computer which the user is using.

e. Number of parallel applications – is the number of applications that the user is trying to download simultaneously.

f. Type of connection – is the type of connection that the user’s computer is on when he is browsing the Internet.

There were other factors which can be classified as “Held-constant factors”. These are variables that my exert some effect on the response, but for the purposes of our experiment, were not of interest to us. So they were held at a specific level. They are: 

a. Network adapter – acts as the physical interface between the computer and the network cable.

b. Operating system – is the most basic program on the computer that performs certain basic tasks.

c. Type of RAM – is the computer memory that is used can be accessed randomly.

d. HTTP Protocol – is the protocol that is used to make connections to the server when the file is uploaded to the driveway.com server.

The above factors were held constant for our experiment. Now that the factors to be varied were decided upon, the next logical step was to determine the levels of these factors and their range. Based on our knowledge of computers, we decided to go with 2 levels for each of these factors. This led to a 2k factorial experiment where k was all of the 6 design factors listed above. We now had to decide on the 2 levels and the range for each of the factors. All of the 6 factors were Categorical (Qualitative) factors, since there were no quantitative levels over which the factors could be varied, with the exception of the Processor speed. But due to hardware constraints, we decided to treat this factor as a categorical factor.

We finally decided on the range of each of the 6 factors and arrived at the following levels. The actual levels and the coded levels of each of the factor are listed in the table below:

	Sl. Number
	Factors
	Actual Levels
	Coded Levels
	Type of Factor

	1.
	Time of Upload
	Day-time (10.00 am)

Night-time (1.00 a.m.)
	-1

+1
	Categorical

	2.
	Type of Browser
	Internet Explorer

Netscape Navigator
	-1

+1
	Categorical

	3.
	Type of File
	Application file (.exe)

PowerPoint file (.ppt)
	-1

+1
	Categorical

	4.
	Type of Processor
	Pentium II 

Pentium III 
	-1

+1
	Categorical

	5.
	Number of Parallel applications
	Single

Multiple (3)
	-1

+1
	Categorical

	6.
	Type of Connection
	T1

Modem
	-1

+1
	Categorical


3. Selection of the response variable:

After the factors and their levels and range were determined, we had to select our response variable. Since our aim was to find out how long would it take for a file to upload by varying these factors, we decided on the “Time to Upload” as the response variable. This would be measured and recorded in ‘seconds’. The website driveway.com gave us the comfort of recording the response variable by directly giving an output of the “Time to Upload” on the screen each time when a particular configuration was run. The website calculates this time accurately by considering the transfer rate (in kilo bytes per second) and the size of the file (in bytes) to give the time to upload (in seconds). Any sort of measurement errors would be eliminated by this method of data recording and we concluded that this variable would really provide useful information about the process under study.

A sample output of the screen for the Time to Upload is shown below:
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4. Choice of experimental design:

The above 3 steps formed the pre-experimental planning activities of our project. They formed a vital component of the project. The next step in our project was the experimental design set up. We used the statistical software package – Design Expert as an aid to determine the number of replicates. We fed in the factors and their levels and looked out for the 1st standard deviation values for various number. of replicates.


For n = 1, 1st standard deviation = 97.2 %


For n = 2, 1st standard deviation = 99.8 %


For n = 3, 1st standard deviation = 99.9 %



( Number. of replicates = 3

So we chose the number. of replicates as 3, since the value of the 1st standard deviation was the highest. The next step in the process was to determine the run-order.


We fed the factors and their different levels and the number. of replicates (=3) into Design Expert, which generated the design matrix. The design matrix for our experiment is enclosed in the appendix (A-1). Due to limited availability of resources, we chose to run a half-factorial experiment. Consequently, our experiment was classified as a 26 half- fractional factorial experiment with 3 replicates. The total number. of runs in the experiment was calculated as below:


Number. of factors = 6

Experiment = 26 factorial experiment
Fraction = Half (1/2)

Number. of replicates = 3

Total number. of runs = ½ * 26 * 3 = 96 runs. 

Due to the absence of nuisance factors, we did not see the need to have blocking. 

Moreover, due to the simplicity of the experiment, we did not have any other randomization restrictions.

The run-order was then generated by Design Expert and the experiment would be performed as per the run-order.

5. Performing the experiment:

After Design Expert generated the run order, we now had to conduct the actual experimental runs as per the run-order. Careful planning was done to run the experiment and we ensured that everything was done according to the plan. We took extensive care to see that no experimental errors crept in.

As suggested by Colen and Montgomery (1993), prior to conducting the actual experiment, we conducted a few pilot runs. These were done so that they could provide us information about the consistency of the experiment and a chance to practice the overall technique. After the pilot runs were completed, we revisited decisions made in steps 1 – 4 and no changes were needed. The computer output on the screen of the response variable “Time to Upload” was so selected that it would eliminate any errors in measurement.

We performed the experiment on PC’s and recorded the response variable output after each configuration was run. We took care to see that the exact levels of the factors were maintained. The complete recorded data of the response variable is as shown in the appendix (A-2). Our next step in the process was the statistical analysis of the data.

6. Statistical Analysis of the data:

After conducting the experiment and recording the values for the response variable, we then fed in these recorded values into Design Expert. An initial analysis with all factors included, was conducted and following are the observations made:

The output of the ANOVA carried out by Design Expert is shown below:


Analysis of variance table [Partial sum of squares]
                  Sum of
    
     Mean
            F

Source      Square
                DF
   Square
        Value
             Prob > F
Model  3.179E+007
31
1.025E+006
1.458E+005
< 0.0001


A
1045.84
1
1045.84
148.71
< 0.0001
B
83.03
1
83.03
11.81
0.0010
C
8519.07
1
8519.07
1211.39
< 0.0001
D
15013.00
1
15013.00
2134.80
< 0.0001
E
0.018
1
0.018
2.581E-003
0.9596
F
   3.174E+007
1
3.174E+007
4.514E+006
< 0.0001
AB
3.50
1
3.50
0.50
0.4828
AC
14.98
1
14.98
2.13
0.1493
AD
0.56
1
0.56
0.080
0.7785
AE
17.46
1
17.46
2.48
0.1200
AF
1074.28
1
1074.28
152.76
< 0.0001
BC
5.58
1
5.58
0.79
0.3765
BD
8.10
1
8.10
1.15
0.2873
BE
24.28
1
24.28
3.45
0.0678
BF
155.25
1
155.25
22.08
< 0.0001
CD
889.02
1
889.02
126.42
< 0.0001
CE
6.07
1
6.07
0.86
0.3563
CF
9026.05
1
9026.05
1283.48
< 0.0001
DE
58.16
1
58.16
8.27
0.0055
DF
10372.55
1
10372.55
1474.95
< 0.0001
EF
83.85
1
83.85
11.92
0.0010
ABC
4.82
1
4.82
0.69
0.4106
ABD
15.57
1
15.57
2.21
0.1417
ABE
848.83
1
848.83
120.70
< 0.0001
ABF
5.39
1
5.39
0.77
0.3847
ACD
5.94
1
5.94
0.84
0.3615
ACE
196.88
1
196.88
28.00
< 0.0001
ACF
96.16
1
96.16
13.67
0.0005
ADE
15.31
1
15.31
2.18
0.1450
ADF
0.036
1
0.036
5.124E-003
0.9432
AEF
13.01
1
13.01
1.85
0.1786


Pure Error
450.08
64
7.03
Cor Total
3.179E+007
95


The Model F-value of 145820.73 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B, C, D, F, AF, BF, CD, CF, DE, DF, EF, ABE, ACE, ACF are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model.


Std. Dev.
2.65

R-Squared
1.0000
Mean
688.91

Adj R-Squared
1.0000
C.V.
0.38

Pred R-Squared
1.0000

PRESS
1012.68

Adeq Precision
789.275
 

The ANOVA shows that there are a lot of factors which are not significant. Considering an ( value of 0.05 (95% confidence) the following factors were non-significant (p-value >0.05):

E, AB, AC, AD, AE, BC, BD, BE, CE, ABC, ABD, ABF, ACD, ADE, ADF, AEF

These are made bold and highlighted. The non-significant factors were removed from the model and the ANOVA carried out again. The normal probability plot of residuals (appendix A- 3) shows that the residuals pass the fat pencil test that is they follow the normal distribution. Following is the output of the ANOVA with only the significant factors:



        ANOVA for Selected Factorial Model

Analysis of variance table [Partial sum of squares]

                     Sum of
           Mean
                 F

Source            Squares               DF         Square
             Value
            Prob > F
Model            3.179E+007
15
2.119E+006
2.870E+005
< 0.0001


A
 1045.84
1
1045.84
141.64
< 0.0001
B
83.03
1
83.03
11.24
0.0012
C
8519.07
1
8519.07
1153.75
< 0.0001
D
15013.00
1
15013.00
2033.24
< 0.0001
F
3.174E+007
1
3.174E+007
4.299E+006
< 0.0001
AF
1074.28
1
1074.28
145.49
< 0.0001
BF
155.25
1
155.25
21.03
< 0.0001
CD
889.02
1
889.02
120.40
< 0.0001
CF
9026.05
1
9026.05
1222.41
< 0.0001
DE
58.16
1
58.16
7.88
0.0063
DF
10372.55
1
10372.55
1404.77
< 0.0001
EF
83.85
1
83.85
11.36
0.0012
ABE
848.83
1
848.83
114.96
< 0.0001
ACE
196.88
1
196.88
26.66
< 0.0001
ACF
96.16
1
96.16
13.02
0.0005
Residual
590.70
80
7.38
Lack of Fit
140.62
16
8.79
1.25
0.2574

Pure Error
450.08
64
7.03
Cor Total
3.179E+007
95



The Model F-value of 287023.91 implies the model is significant.  There is only

a 0.01% chance that a "Model F-Value" this large could occur due to noise.


Values of "Prob > F" less than 0.0500 indicate model terms are significant.  

In this case A, B, C, D, F, AF, BF, CD, CF, DE, DF, EF, ABE, ACE, ACF are significant model terms.  

Values greater than 0.1000 indicate the model terms are not significant.  

If there are many insignificant model terms (not counting those required to support hierarchy),  

model reduction may improve your model.


The "Lack of Fit F-value" of 1.25 implies the Lack of Fit is not significant relative to the pure

error.  There is a 25.74% chance that a "Lack of Fit F-value" this large could occur due

to noise.  Non-significant lack of fit is good -- we want the model to fit.



Std. Dev.
2.72

R-Squared
1.0000

Mean
688.91

Adj R-Squared
1.0000

C.V.
0.39

Pred R-Squared
1.0000


PRESS
850.61

Adeq Precision
1090.450


The "Pred R-Squared" of 1.0000 is in reasonable agreement with the "Adj R-Squared" of 1.0000.


"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  Your 

ratio of 1090.450 indicates an adequate signal.  This model can be used to navigate the design space.

From the above ANOVA output we make the following observations:

a. Model is significant.

b. All non-significant factors which were removed from the model come into the Lack of Fit portion of the analysis. 

c. We observed 100% of the variability in the response being described by the model – R2 = 100%.
d. We also observed that adjusted R2 = 100%.
e. Final Equation in Terms of Coded Factors:


Duration = 688.91 – (3.30 A) +(0.93 B) + (9.42 C) – (12.51 D) – (575.02 F) 


+( 3.35 A F) + (1.27 B F) – (3.04 C D) – (9.70 C F) – (0.78 D E) + (10.39 D F)  + (0.93 E F) 

 +( 2.97 A B E) – (1.43 A C E) – (1.00 A C F)

f. Lack of fit is not significant. So we were right in removing the non-significant factors.

g. The normal probability plot of the residuals (Appendix A-4) passes the fat-pencil test and hence we conclude that they follow the normal distribution.

h. There is no unusual pattern observed in the plot of residuals v/s the predicted values (Appendix A-5).

i. The residuals v/s run order plot (Appendix A-6) shows no significant pattern and hence we conclude that the residuals are independent. 

j. There is no significant variation in the residuals v/s individual factor plots (Appendix A-7 to A- 12).

k. The plot of the outliers v/s run number (Appendix A-13) shows that all our response variable readings are within limits, showing no outliers.

l. A plot of Cook’s Distance v/s run number (Appendix A-14) shows no signs of any influential points in our experiment. We observe from the values of Cook’s Distance that all values are within 0.25, far less than unity.

7. Conclusions and Recommendations:

From the ANOVA table, we can conclude that the model is significant. The result of this experiment could be interpreted in the following way:


For an individual who has a computer with a Pentium III processor and a T1 connection, the optimal uploading conditions will be at the following coded levels of the factors –

	Sl. Number
	Factors
	Actual Levels

	1.
	Time of Upload
	Day-time (10.00 am)

	2.
	Type of Browser
	Internet Explorer

	3.
	Type of File
	PowerPoint file (.ppt)

	4.
	Number of Parallel applications
	Multiple (3)


For an individual who has a computer with a Pentium III processor and a modem connection, the optimal uploading conditions will be at the following coded levels of the factors –

	Sl. Number
	Factors
	Actual Levels

	1.
	Time of Upload
	Night-time (1.00 a.m.)

	2.
	Type of Browser
	Netscape Navigator

	3.
	Type of File
	Application file (.exe)

	4.
	Number of Parallel applications
	Single


For an individual who has a computer with a Pentium II processor and a T1 connection, the optimal uploading conditions will be at the following coded levels of the factors –

	Sl. Number
	Factors
	Actual Levels

	1.
	Time of Upload
	Day-time (10.00 am)

	2.
	Type of Browser
	Internet Explorer

	3.
	Type of File
	Application file (.exe)

	4.
	Number of Parallel applications
	Single


For an individual who has a computer with a Pentium III processor and a modem connection, the optimal uploading conditions will be at the following coded levels of the factors –

	Sl. Number
	Factors
	Actual Levels

	1.
	Time of Upload
	Night-time (1.00 a.m.)

	2.
	Type of Browser
	Netscape Navigator

	3.
	Type of File
	PowerPoint file (.ppt)

	4.
	Number of Parallel applications
	Single


We then recommend the factors at the following levels for the response variable “Time to Upload” to be at the lowest value:

	Sl. Number
	Factors
	Actual Levels

	1.
	Time of Upload
	Night-time (1.00 a.m.)

	2.
	Type of Browser
	Internet Explorer

	3.
	Type of File
	Application file (.exe)

PowerPoint file (.ppt)

	4.
	Type of 

Processor
	Pentium III 

	5.
	Number of Parallel applications
	Single

	6.
	Type of 

Connection
	T1


Appendix

Design Matrix








A-1

Response variable observations in design matrix



A-2

NP Plot of residuals with all factors included




A-3

NP Plot of residuals with only significant factors included


A-4

Residuals v/s predicted






A-5

Residuals v/s run-number






A-6

Residuals v/s upload time






A-7

Residuals v/s browser







A-8

Residuals v/s file type







A-9

Residuals v/s processor






A-10

Residuals v/s multiple applications





A-11

Residuals v/s connection






A-12

Outliers v/s run-number






A-13

Cook’s distance v/s run-number





A-14
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