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ABSTRACT 

The development of Computer, and its Software packages to aid in solvin~ complex 

organisational problems can be seen as a blessing as it has meaningfully improved the 

activities in the world scientifically and technologically. However, this project has 

successfully developed a program using Basic Language that is capable of evaluating the effect 

of Nitrogenous fertilizers and the effect of pesticides on crops. Statistical analysis used is 

analysis of variance (ANOV A). The analysis as restricted to Randomised Complete Block 

Design and Latin Square Design helped ill making meaningful decisions and 

recommendations. 
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CHAPTER ONE 

1.0 GENERAL INTRODUCTION: 

Based on the assumption that new knowledge is most often obtained by careful 

analysis, and interpretation of data. It is important that considerable thought and effort be 

given to learning their collection in order that maximum information be obtained for the least 

expenditure of resources. 

In designing an experiment objectives must be stated clearly as questions to be 

answered, Hypothesis to be tested and effects to be estimated. It is extremely important to 

define clearly the population for which inferences are to be drawn and sample that population 

randomly. By definition, an experimental could be a planned enquiry to obtain new facts or to 

confirm or deny the result of previous experiments where such inquiry will aid in 

administrative decisions such as recommendation of a variety, Procedure or type of an 

application or treatment. An important objective of experimentation could be to discover some 

things about a particular process or to compare the effect of several conditions on some 

phenomena. 

In this project, we shall employ the use of computer system with an aid of BASIC 

Programmable language that is interactive in nature to carry out analysis of variance on the 

data collected, which marks the bases of rejection or acceptance. The Hypothesis that will lead 

to valid decision-making. For an example in considering an experiment in which n varieties of 

crops are planted on several acre lots and their yields per acre recorded. The interest is in 

testing the null hypothesis that the n varieties of crop produce equal yields on the average. To 

test for the equality of several means simultaneously, we employ a technique called analysis of 

vanance. 
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The analysis of variance is a method . for splitting the total variation of our data into 
'; 

meaningful components that measure different sources of variation. In the experiment, we : 
..... 

obtain two components; first measuring the variation due to experimental error and the second 

measuring variation due to experimental error plus any variation due to the different varieties 

of crop or treatments. In doing this, set of observation may be classified according to two 

criteria at once by means of a rectangular array in which the columns represent one criterion of 

classification and the rows represent a second criterion of classification. For example the first 
". 

c. 

array may be the yield of the crops using different kinds of fertilizer. The yields are obtained. 

Each treatment combination defines a cell in our array for which we have obtained a singular 

observation. 
:' 

The n varieties of crops layout only is called one-way classification and its analysis of 

variance is called one-way analysis of variance. While that of observations classified 

according to two criteria at once by means of rectangular array of rows and columns is called 

Two-way classification and its analysis is called Two-way analysis of variance. At times more 

than two criteria may be of interest such as row, column and treatment. One of the appropriate 

analysis to be used is Latin-Square Design. 

1.2 AIM AND OBJECTIVES . 
. ' 

The aim of this project is to use a computer programmable language of BASIC, with 

the aid of appropriate algorithm, then write an interactive program that will carry out an 

analysis of variance of both Two-way classification and that of Latin Square Design. The 

ANOV A tables will aid in evaluating the following. 

1. The column (crop) effect is that is; the presence of significant variations in the 

average yields of different varieties of crops and row (fertilizer) effect on the 

crop yield for Two-way classification. 

, 
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2. To evaluate the presence of significant variations in row, column and treatment 

effect for Latin-Square Design. 

3. Conclusively give adequate recommendation(s) that will aid the Agronomist on 

the use of varieties of crops, fertilizers as well as arrangement of crops and ways 

of assigning treatments to crops so as to maximise yields. 

1.3 JUSTIFICATION OF STUDY. 

The aid, the world of Computer has brought into Technological development in almost 

all fields of life can not be over emphasized. The field of agriculture is not left behind. 

Therefore it is quite justifiable to evaluate the means of improving agricultural productively, 

efficiency and accuracy, which will lead to the realisation of the global objective (food for all 

by the Year 2000). 

The introduction of ANOV A in Agriculture has not only helped in yield of crops but 

has also contributed in time saving, improve qualities and output of farm products. It now 

becomes necessary that factors that effects yield positively or negatively be evaluated if 

desired objectives must be realised. 

MOTIVATION. 

Agricultural Sector of any national economy is to be a focus if the nation must be 

sustained food wise. Hence the use of Computer technology to improve the productivity of 

agricultural products should be the major concern of the nation if the people' s standard of 

living is to be improved. On this the writer is motivated to carry out this piece of work. 

1.4 SCOPE OF STUDY 

The scope of this project is on the use of Computer programmable BASIC language to 

write a program that will analyse experimentation on the use of ANOV A to determine the yield 

of maize plants due to species as well as fertilizer effect on yield too. The data is collected 

from National Cereals Research Institute Badeggi in Bida of Niger State. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW. 

A statistical design is a plan for the collection and analysis of data. It is essential to have 

a carefully thought out plan for the collection and analysis of data. Where this is not properly 

done, inferences drawn are likely to be proved wrong. 

Data are the fundamentals of statistics and designs are the forerunners of data. The 

technique of the collection of data and the methodology of their analysis have a great bearing 

with the reliability of the results arrived at. Therefore, in any statistical enquiry, the problem 

of collecting and analysing data must be very carefully considered. The selection of an 

efficient design requires careful planning in advance of data collection and analysis. 

Thoughtlessness in selection of a design is very likely to make the statistical enquiry entirely 

useless. A detailed analysis of the actual data involves huge cost and labour and therefore it is 

imperative that an efficient design must be selected. This can be done only by visualizing the 

analysis of data obtainable in different plans and keeping in mind their standard error and cost. 

The design that gives the smallest sampling error is supposed to be best design for a particular 

investigation. 

EXPERIMENTAL DESIGNS. 

It was F.A. Fisher who did pioneering work in the area of experimental designs 

particularly in the field of agricultural research. In 1935 he laid foundation for the subject in 

his monumental work entitled. 
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"The Designs of Experiments". Since then the theory of experimental design has been 

further developed and its range of application now extends to not only all laboratory sciences, 

both basic and applied but even to business and social sciences. 

Experimental designs concern the arranging of treatments or variables in such a manner 

that the inferences and conclusions regarding the effects of those treatments can be easily done 

and their reliability measured. Experiments are made with a view to find the validity of a 

particular hypothesis and to have an idea about the extent of the reliability that can be placed 

on a particular conclusion arrived at. If a physician wants to know whether a particular drug 

which has been invented will be beneficial in the treatment of a particular disease or if a farmer 

wants to know whether a new type of fertiliser will give him better yields. He will frame his 

investigation in terms of some suitable hypothesis. After this he will design an experiment to 

find out whether the hypothesis that he has presumed is correct or whether it is wrong and 

consequently has to be rejected. The selection of the design will have a very great bearing with 

the accuracy of the ultimate results. If a wrong design is selected it is quite likely that the 

conclusion arrived at may be absolutely fallacious . In the course of investigation or 

experimentation many complications and doubts are bound to arise and unless they are 

removed the experimental design will not be adequate. 

In this project, Randomised Complete Block Design and Latin-Square Design of 

Standard order shall be used. An appropriate Basic Programmable language that is interactive 

shall be used. 

Definition of Terms. 

1. Experiment: An experiment is an operation designed to discover something unknown or 

to establish it when discovered. 



7 

research might be descriptive and involve a sampling survey, or it might involve a controlled 

experiment or series of experiments. When an experiment is involved there are a number of 

considerations that should be carefully thought through if it is to be a success. The following 

are some of the more important steps to be taken. 

1. Definition of the Problem: The first step in problem solving is to state the problem 

clearly and concisely. If the problem can not be defined, there is little chance of it ever 

being solve. With the definition of the problem, questions can be formulated which will 

lead to solution. 

2. Statement of Objectives: This .may be in the form of questions to be answered. The 

hypothesis to be tested, or the effects to be estimated. Objectives should be written out in 

precise terms, order of importance and should not be vague or too ambiguous. 

3. Selection of treatments. 

4. Selection of Experimental Material. 

5. Selection of experimental design. 

6. Selection of the Units for observation and the number of replications. i.e deciding on the 

size and shape of field plots. 

7. Control of the effects of the adjacent units on each other. This is usually accomplished 

through the use of border rows and by randomization of treatments. 

8. Consideration of data to be collected. 

9. Outlining Statistical analysis and Summarization of results. This involve writing out the 

sources of variation and associated degrees of freedom in the analysis of variance. 

10. Conducting the experiment. 

11 . Analysing data and interpreting results. 
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12. Preparation ofa complete, readable and correct report of research. 

PESTICIDES. 

The term is used very broadly to include 

All Chemical products intended for use in the prevention or control of pests, diseases and 

weeds in crops. 

All chemical products used to protect harvested products against pests and diseases. 

All chemical products used to eradicate material mosquitoes or to rid cattle of ticks, etc. 

There are hundreds of pesticides. These can be classified in different ways. One method 

of classification is by type of pest or disease against which it is effective. 
Pesticide Group Effective Against. 

Insecticides Insects 

Fungicides Fungal Diseases (Fungi) 

Herbicides Weeds 

Nematicides etc. Nematodes (earthworm) 

Some pesticides are effective only against a specific pest or disease. The effect of 

many pesticides is less selective, however, and these can kill a variety of animals or plant 

species. The classification of pesticides according to their degree of hazard to man, and 

according to chemical composition. 

NITROGEN 

Nitrogen is the first member of group V of periodic Table. The atomic number of 

nitrogen is 7 and its simplest electronic configuration can be represented as 2, 5. Thus nitrogen 

exhibits a covalency of three. It also exhibits a covalency of five. Nitrogen is of great 
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important in maintaining the fertility of soil. The fertility of soil depends in part on the 

presence in the soil of certain chemical elements. These elements or potassium, Nitrogen, and 

Phosphorus, together with traces of iron, sulphur, and others. It is obvious that unless nitrogen 

is continually supplied to the soil to balance the loss suffered by removal of crops, the fertility 

of the soil will decrease and its yield become meagre. Nitrogen fertilizers are also used to make 

good the loss of nitrogen. These fertilizers fall into the following classes. 

1. Ammonium tetraoxosulphate (VI) derived from ammonia. 

2. Fertilizers produced by manufacture, using the nitrogen of the air. 

3. Farmyard manure. 

4. Sodium nitrate from the deposits ofthis substance in Chile - ' Chile Saltpetre' 

In this project, we shall investigate the effect of pesticide and various forms of 

Nitrogenous fertilizer on crop yields. Still in this project, lima bean seedling emerged from 

100 seeds planted per plot Fo and F2 are ° and 22/3 02 fungicidel100 lb seed respectively. 10, 

11 and 12 are 0, 116, and 113 OZ insecticide 11 00 lb seed, respectively. 

The effects of these treatments shall be investigated. 

Further analysis shall also be done to investigate the effect of Nitrogen fertilizer on the 

sugar root yields. They are about five Nitrogenous fertilizers and one control on per acre. The 

five applied to give 100 lb of Nitrogen per acre and a non fertilized control. The fertilizers are: 

A) (NH4) S04 Ammonium Sulphate 

B) NH4 N03 Ammonium Nitrate 

C) Co(NH2h Cobalt Ammonia 

D) Ca(N°3h Calcium Nitrate 

E) NaN03 Sodium Nitrate 
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F) No Nitrogen - Nitrogen Nut Applied. 

ANALYSIS OF VARIANCE (ANOVA) 

It was RA. Fisher who introduced the term "Variance" in the analysis of statistical 

data. Fisher developed an elaborate technique of analysing the variances of two or more series 

for the purpose of studying their characteristics. Variance is the square of standard deviation 

of a series and gives an idea about the variability of the values of various items from the mean 

of the series. 

The technique of variance analysis originated in agricultural research where the effect 

of various types of soils on the output or the effect on the technique of the analysis of variance 

was found to be extremely useful in all types of researches where the effects of one or two 

variables on a problem under study had to be determined on the basis of a number of 

experiments conducted simultaneously. This variance analysis can tell us whether different 

sample data classified on the basis of single variable are 

meaningful. It can also provide meaningful comparisons of sample data which have been 

simultaneously classified on the basis of two variables. The variance analysis studies the 

significance of the difference in means by analysing variance. The variance will differ only 

when the means are significantly different. 

ASSUMPTIONS OF F-TEST 

1. That the Universe from which the samples are drawn follows the properties of standard 

normal curve or in other words the Universe is normally distributed. 

2. That the samples drawn from the Universe are random and independent in each other. 

3. That the variance of the population from which sample have been taken do not 

significantly differ from one another. 
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VARIANCE ANALYSIS IN TWO-WAY CLASSIFICATION 

(One observation per-cell) 

In one-way classification we take into account the effect of only one variable. If there 

is a two-way classification the effect of two variable can be studied. 

The procedure of analysis in a two-way classification is; Total both the columns and 

rows. The effect of one factor is studied through the column wise figures and totals and of the 

other through the row-wise figures and totals. The variance is calculated for both the columns 

and rows and they are compared with the residual variance or error. 
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TABLE OF ANOVA IN A TWO-WAY CLASSIFICATION 
Source of Swn of square Degree of freedom 

Variation 

Between Block SSB (C-l) 

Between SStr (C-l) 

Treatment 

Between Term SSE (C-l)(r-l) 

TOTAL SST 

Note that ; C = T2 "is the correction factor 
bt 

Where 

Where. 

SStr = ~T2'i • - C 

b 
SSE = SSTotal - SSB - SSt r 

SSB = Sum of Squares due to block 

SSt r = Sum of Squares due to treatment 

SSE = Sum of Squares due to error 

SST = Sum of Squares due to total. 

MSB = Mean Square due to block 

MSt r = Mean Square due to treatment 

MSE = Mean Square due to error. 

The Model is given by: 

Yij = U + Ti + 13j + eij. 

Where: i = 1, 2 ------------------------------ t 

j = 1, 2 -----------------------------b 

Where; 13j represents the block effect 

Mean Square 

MSB = SSe 

(C-l) 
MStr = SStt 

(r-l) 

MSE=SSE 

(C-IXr-l) 

Variation Ration (F-

Ratio 
MSB = Fb 

MSE 
MSrr =Ftr 
MSE 

" ~ ____ ~~_ ............. ___ ~~~~._.~..O............~ _______ ~_~_. __ ----...- ......... ~ __ ""'"_ __ ~_~ ______ ~~ 
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Ti represents the treatment effect 

eJ represents the Random error term 

Yij represents effect due to treatment i in block j. 

The models Assumptions are: 

i) eij's are independently N (0, be 2) 

ii) T/s are independently N(O, b?) 

iii) Pj's are independently N(O, b
B 
2) 

HYPOTHESES 

Case I: 

Ho : t 1 = t2 = t3 ~ = 0 

i. e (No treatment effect) 

HIt 1 :I; 0 for at least one value of i 

(There is treatment effect at least for one) 

At a level of significance. 

Decision Rule: 

Reject Ho ifF (Treatment ~ F1-a (t-1), (t-I)(b-I) 

Otherwise do not reject Ho, and conclude accordingly. 

Case II. 

i.e (No block effect) 

HI bI:I; 0 for at least one value ofj 

(There is block effect) 

At a level of significance. 

b· = 0 
J 
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Decision Rule: 
Reject Ho ifF (Block) > F1-a (b-l) (t-1) (b-l) 

Otherwise do not reject Ho; and conclude accordingly. 

LATIN SQUARE DESIGNS. 

A Latin Square of size P or a P x P Latin Square is an arrangement of P letters each 

repeated P times in a Square array of size P in such a way that each letter appears exactly 

once in each row and in each column. Further definition of Latin Square design states that it 

is an M x M Square arrangement of M treatments denoted by Latin letters A, B, C, ----- Z in 

M2 Plots such that each treatment occurs in each row once and in each column once. 

Latin-Square design provides a means of investigating the effect of three factors at the 

same period, there are no interactions between the factors or the interaction is assumed to be 

negligible compared to the main effect, it is also called a three dimensional design. The rows 

and the columns constitute a factor each while the treatment constitutes the third factor. We 

have standard and non-standard Latin-Square design. A standard Latin Square is one in 

which the first row and the first column consist of letters written in an alphabetical order 

while non-standard are not written in an alphabetical order. In Latin Square, hypothesis on 

the significant effect on row, column and treatment (letter) are investigated. 

THE LATIN-SQUARE MODEL. 

The model is given by: 

Yijk = U + oci + Tj + Bk + eijk. 

Where I .s ijk .s P 

Where: 

Yijk is the obstruction in the jth row, jth column of the kth treatment. 

U is a constant i. e overall mean. 



15 

~i is the effect on the ithrow 

j is the effect on the fh column. 

bk is the effect of the kth treatment. 

eijk is the error associated with the Yijk observation. 

ANOV A TABLE FOR LATIN SQUARE 
SV 
Rows P-1LYi2 

•• _C = SSR (p-1) 
Columns P-1Ly2.j_C = SSc (p-1) 
Letter 
Error 
Total 

P-1Ly2 
.. K_C = SSL (p-l) 

SSE=SST-SSR-SSE-SSL (p-1 )(p-2) 

LLLy2iik-C=SST (P2-1) 

Where C = y2... OR p-2y2 ... 
p2 

ASSUMPTIONS OF LATIN-SQUARE DESIGN 

SSR/p-1 MSRlMSE 
SSdp-1 MSCIMSE 
SSJp-1 MSLIMSE 
SSd(p-1 )(P-2) -

- -

1. Normality: Any random variable in the model is assumed to be normally distributed. 

2. Independence: All the experimental effects are mutually independent. 

3. Homoscestasticity: Constant variance, the variance of the random variable in the model 

do not depend on the subscript. 

LIMITATIONS OF LATIN-SQUARE DESIGN. 

1. It ignores interactions thus if interaction is present, the ordinate of the experimental 

effect are adversely affected. 
2. In the basic design all factors are made to appear at the same M level, and this is a 

limitation on the basic design since in real life all experimental factors do not usually occur at 

the same experimental level. 

3. The basic Latin Square is not used when the experiment involve three or more than 

three factors. In this case, a graeco-Latin Square becomes more appropriate. 
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STATISTICAL HYPOTHESES AND TESTS OF SIGNIFICANCE. 

The statistical procedure for comparing two or more treatment means employs the use 

of an assumption called the null hypothesis, which assumes that the treatments have no effect. 

We then proceed to test the probability that means are divergent as those of our samples would 

occur by chance alone if the samples were indeed random samples from normally distributed 

populations with equal means and variance. If our analysis leads to the conclusion that we 

could expect such mean differences quite frequently by chance, we do not reject the null 

hypothesis and conclude that we have no good evidence of a real treatment effect. If the 

analysis indicate that the observed differences would rarely occur in random samples drawn 

from populations with equal means and variance, we reject the null hypothesis and conclude 

that at least one treatment had a real effect. At least one of the means is said to be significantly 

different from the others. 

If the probability is 5% or less that the observed variation among means could occur by 

chance, we say that the means are significantly different .If the probability is 1 %or less that the 

observed variation among means could be expected to occur by chance, the differences are said 

to be highly significant . 

By definition we could define hypothesis as a testable opinion or belief. There are 

two types of errors in hypothesis testing; Type 1 Error and Type 11 Error. 

A type 1 Error is made when a true null hypothesis is rejected when it is true. a 

Is the probability that Type 1 Error is made. ~ Is also called the level of significans or 

size of Type 1 Error 

A Type 11 Error is made when the false null hypothesis is accepted or when null 

hypothesis is accepted when it is false ~ Is the probability that Type 11 Error is made. 

The complement of ~ .i.e [1- ~], which is probability of rejecting the nul hypothesis 

when it is false, is called' 'Power of a statistical test" 
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COMUTER PROGRAMMING WITH BASIC LANGUAGE.In this review, it is important 

we look at what computer is before talking about computer programming and languages. 

A computer is said to be a machine, which accepts data from input device, perform 

arithmetic and logical operations in accordance with a predefined program and finally transfer 

the processed data to an output device either for further processing or in final form. It has a 

further capability of storing data as may be required. 

For a computer to be controlled, it requires writing a program and this process is 

referred to as programming. Therefore a program can be defined as a set of sequence of 

instructions, which informs a computer of the steps required for achieving a defined task. Each 

instruction defines a basic operation to be performed, identifies the address of the data to be 

processed, the peripheral device (input or output device) to be used. However, the act of 

giving instructions to the Computer is made possible through the Computer programming 

Languages. A programming language is simply the mode of communicating to Computer. It 

is in the form of an artificially defined set of characters, symbols and words plus the rules for 

combining these characters, symbols and words into meaningful communications. So designed 

to be conveniently used by human beings in developing programs. 

BASIC is the acronym for Beginners. All-purpose symbolic instruction code. It is 

developed at Detmouth College in 1963 . Basic is a high level language designed for people 

who have no prior programming experience and is one of the easiest of all programming 

language to learn. It is widely used in programming scientific, mathematical and many 

business problems. One good thing about BASIC is that it encourages running the program in 

an interactive mode. As soon as the user submits a program and some data to the computer, 

the computer executes the program, produces the result back to the user immediately. Another 

very vital characteristic of BASIC is its availability on all Disk Operating System (DOS). 
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There are BASIC Interpreters and BASIC Compilers depending on the version of DOS 

available. The versions are; 

l. GWBASIC available on DOS 3.3 

2. BASIC and BASICA available on DOS 4.0l. 

3. QBASIC available on DOS 5 and above. 

It should be noted that GWBASIC, BASIC and BASICA are Interpreter while QBASIC 

is a Compiler. 
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CHAPTER THREE 

3.1 SYSTEM ANALYSIS AND DESIGN 

INTRODUCTION 

Just as it is known that computer is composed of various forms of software, so the 

procedure for computerising a problem is made more complex by a large area of computing 

which is called Para computing, and of which system analysis and design form the major part. 

One of its main functions is to convert on existing manual system into a computerized system. 

In system analysis and design the concern is usually with man made system involving input, 

processes and outputs. A system can be regarded as " a set of interacting elements responding 

to inputs to produce outputs. 

DEFINITION OF SYSTEM 

System analysis is defined as the methods of determining how best to use computer 

with other resources to perform task which meet information need of an organisation. 

GENERAL SYSTEM THEORY 

The emphasis of system theory is not only to examine and analyse the individual part of 

a system or organisation but also it is vital that the system is viewed as a totality were the 

whole is greater than the sum of the parts. 

The general system theory was developed to provide and unifying bases for the scientific 

discipline such as Physics, Chemistry, Biology etc. that arose because of individual scientific 

discipline. However, the general system theory applies to other activities as well . These include 

Business, Government, and Agriculture etc. The theory tends to bring order and structure to 

chaos, Segmentation and complexity. At the same time, this theory takes into account the 

dynamics of change and the uncertainly that exist in the universe. 



20 

At this point, it becomes necessary to investigate the manual system currently used in 

determining the effect of fertilizer application (Chemicals) and the methods of arrangement 

(rows and columns) on crop yield. This is to see how best computer application could be used 

for more efficient production. The study of this chapter will result in the design and 

implementation of the proposed system to be applied. 

PROBLEM IDENTIFICATION 

Problem identification is the reviews of current system thereby identify its nature and 

scope of problem that gives room for re-evaluation of the current of existing old system. 

Among other problems that could be identified are the magnitudes of the problem (major or 

minor) . If the system model is incorrectly defined etc. This is to enable the analyst to provide 

the best way of solving the exiting problem. 

A look at the manual system used by the statistics department of National Research 

Institute Badeggi in analysing curses of variation in farm products, the problem that could be 

identified are as follows: 

a. The manual system of evaluation is tedious, tiring and highly uninteresting. 

b. Misplacement, mishandling and loss of previous calculation and its methods. 

c. There may be delay in evaluation due to human weakness. More time being 

consumed using manual system. 

d. More often than not, human errors do result using manual system. 

e. The method may be found inefficient 

FEASmILITY STUDY 

This is to determine whether a solution to the problem is feasible. This is to prevent 

wasting many years or months of effort and money in trying to evaluate and execute a project 

that is too large, uncontrollable or impossible to carry out. The feasibility study is a miniature 

systems analysis and design efforts that entails an exploration of alternatives design options 
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and an analysis of the costs and benefits of each alternative. If the study seems to be realistic 

in their potential costs and benefits, then the project proceeds to the next phase but if not it can 

be terminated. 

The major studies that are normally evaluated are as follows: 

a. Operational feasibility: This study is concerned with the workability of the 

proposed system when developed and implemented. The operational feasibility of 

the proposed system was carried out and was found to be operationally feasible. 

b. Technical feasibility : This test seeks to clarify if the proposed system can be 

achieved with the current equipment, that is existing software technology PC 

models, and personnel. However it was found that N.C.R.I has computers with the 

software that is capable of evaluating the analysis. But the analysts have to be 

trained on the use of the proposed system for efficiency. 

c. Economical/financial feasibility : The cost of implementation of new system be 

relatively reasonable and affordable by the organisation. 

OPERATION OF THE CURRENT SYSTEM 

The system under review or investigation needs to be well understood. This is to 

enable analysis, design and recommendations. The experimental design and analysis used in 

the current system are Latin square design and randomised complete block design of manual 

operation. 

TESTING FOR THE SIGNIFICANCE OF MODEL 

Parameter Estimates Using ANOVA The model for Latin Square Design is, Yijk = U + 

<xi + Tj + 13k + eijk 

Analysis to evaluate the effect of the five different 100 Ib of Nitrogen i.e. (N&)2S04, 

~N03, Co (NHZ)2, Ca (N03), Na N03 and a non-fertilised control on sugar root yield in 

tons. 



Hypothesis 

Case I 

22 

Ho: T 1 = T 2 = T 3 = T 4 = T s = T 6 = 0 

HI : TJ *- 0 for at least one ith treatment 

a = 0.05 

Decision Rule: Reject Ho ifF- ration is greater then F1
- a. (6-1), (6-2) (6-1) = 2.71 

Case II 

Analysis to evaluate row arrangement effect on the five different 100 1 b of Nitrogen and a 

non-fertilized control and sugar root yields in tons. 

Ho a1 = a2 = a3 = U4 = as = <l6 = 0 

HI = aI"* 0 for at least on ith row a = 0.05 

Decision Rule Reject Ho ifF-ration Row is greater that F 1- a. (6-1), (6-2) (6-1) = 2.71 

CasellI 

Analysis to evaluate column arrangement effect on the five different 1001b of Nitrogen and a 

non-fertilized control on sugar root yields in tons. 

Ho = PI = P2 = P3 = P4 = Ps = P6 = 0 

Ho = PK "* 0 for at least one kth column 

a = 0.05 

Decision Rule; Reject Ho ifF- ratio-column is greater than F I
- a. (6-1)(6-2)(6-1) = 2.71 

The model for Complete Randornised 

Block Design is j 

Yij = U + Ti + pj + eij 

Analysis to evaluate treatment effect of Fo aid F2 are 0 and 22/3 oz fungicide/100Ib seed of 

lima bean seedling respectively and 10 , II and h are 0, 1/6 and 113 oz insecticidellOO Ib seed 

respectively of the same lima been seedling. 

........- - -----. -:>.-..... - ... .-- - - _. ~ --



Case I 

Hypothesis: 

Ho : T 1 = T 2 = T 3 =T 4 = T 5 = T 6 = 0 

HI : Ti '* 0 for at least one ith 

a = 0.05 
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Decision Rule: Reject Ho ifF-Ration treatment is greater them F 1- a (6-1), (6-1) (6-1) = 4.56 

Case II 

Analysis to evaluate column (Block) arrangement effect of fungicide and insecticide/100 Ib 

of lima bean seedling. 

Hypothesis 

Ho: ~1= ~2 = ~3 = ~ 4 = ~5 = 0 

HI : ~j '* 0 for at least one jth 

a = 0.05 

Decision Rule: Reject Ho ifF- Ratio Block is greater than F1
-

a (5-1),(6-1)(5-1)= 5.80 

SYSTEM DESIGN 

When a system has been analysed and the problem has been defined and approved by 

the management. The question that arises is where to commence the design of alternatives to 

the current system. The following techniques give a logical sequence in which to design the 

various elements of an alternative system. 

The sequence of activities to be performed in designing a new system is as follows : 

1. Look at the Objective of the new system. 

2. Review all constraints for the proposed system. 

3. Design the outputs that will be produced under the new system. 

4. Design the processing steps that will be needed to produce the desired output 

e.g system flow chart. 
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5. Design the necessary input. 

6. Incorporate necessary controls. 

7. Design feedback procedures 

8. Prepare a plan to install the new system if management approves the design. 

9. Prepare cost analysis to show management in quantitative rather then qualitative 

terms, the benefits the can accure from implementation of the proposed system 

NEW SYSTEM DESIGN CRITERIA. 

1. Volume: The proposed system IS designed to handle large amount of data for 

evaluation. 

2. Simplicity: The system though designed to handle complete operations of 

computation or evaluation should be simple to use. 

3. Feasibility: This system can operate in a dynamic rather then static environment. 

4. Security: The security of a system should be taken into consideration, such that the 

output reports are provided only to the authorised users. 

5. Efficiency: The system should be desired to be of high efficiency ensuring the best 

output of the desired evaluation. 

6. Users friendly: The system should be designed in such a way that it simply gives the 

operators a choice of different transaction for implementation 

INPUT DESIGN 

Input design is one of the items of elements of design. In designing a system, the type 

of input media, data collection methods, volume of input documents and design of input 

layouts. The designer must decide what files is needed to retain data for producing desired 

reports e.g. (cart files, disk files tape files etc.) 
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Input Specification 

In designing a new system the input specification requires the following: 

a. Yields of sugar roots according to cell in tones due to fertilizers. 

b. Yields of lima bean seedling according to cell due to fungicide and insecticide applied. 

OUTPUT DESIGN 

This aspect of design work compels or requires the analyst to work very closely with the users 

or those that needed the output. Output design is established as a final check on the accuracy of 

the processed data. 

In design outputs the time that the reported and the authorized users of the report and 

the objective of the analysis should be considered. 

OUTPUT SPECIFICATION: 

The output expected from the new system are:-

a) F-ratio for Treatment effect for Latin Square Design 

b) F-ratio for Row effect for Latin Square Design 

c) F-ratio for Column effect for Latin Square Design 

d) F-ratio for treatment effect for Complete Randomised Block Design 

e) F-ratio for Column (Block) effect for Complete Randomised Block Design 

Data control: Data control refers to as the exercise of cross checking measures to regulate a 

system so that it produce the design output or result. Data control ensures correct necessary 

data evaluation or processing. 

COST BENEFIT ANALYSIS 

A cost benefit analysis is necessary to determine economic feasibility. The primary 

objective of cost benefit analysis is to find out whether it is economically worth while to invest 

in the project. 
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Some of the elements of cost, which must be considered by a management cost 

accountant, include; 

a) Equipment cost (capital/leasing costs of computer and the peripheral devices) 

b) Installation cost (new building where there is non or if necessary i.e computer room) 

c) Development cost (software consultancy change over costs) 

d) Personnel costs (staff training, staff recruitment, relocation, staff salaries, allowance and 

pensions were needed. Redundancy payment, overheads. 

e) Operating cost 

Consumable material (tape, cards, disk, stationeries) 

Maintenance cost 

Insurance/power/telephone cost 

Standing by arrangements 

Comprehensive cost of alternative method 

The benefits for such projects are based on the problems that the analysis are to solve or 

aims to achieve in terms of monetary gain, profit maximization, cost minimization, time saved 

risk reduced complex problem simplified, task in manual methods of analysis overcome e.t. c 

For the interest of this project, the following skeletal possible cost implications and 

benefits are stated. 

1 CTX Branded computer system model V.L 400 W65,000.00 

2 Laser Jet Printer 1100, model C422A (Unit cost)W50,000.00 

3 Nulec (1600 AV) Stabilizer - W6,000.00 

4 Uninterrupted Power Supply (U.P.S) ~18,000 . 00 

Model , BK 650H APC 

5. Air conditioner (Thermocool)- W45,000.00 

6. Extension cables (with fuse)-N35 ,000.00 
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7. Installation cost per one P.C-N3,500.00 

8. Well carpeted computer room of 22ft by 15fts with furniture 

9. Office accommodation ofthe staffwith furniture and a protected room for back up. 

10. Operation (running) cost including well connected telephone cable, power supply, 

stationeries etc. 

11 . Personnel cost: This is based on the management negotiation or governmental policy on 

salaries and allowances. The following staff may be required, 

Management Service Director 

Data Processing Manager. 

Operation Manager 

Programming Manager 

System Analysis and Design Manager 

Computer Operator 

System Programmer 

System Analyst 

Data Input Clerk 

Maintenance Technician 

The management may decide to send some of the old staff for training on the use of computer, 

development of software package and analysis so as to minimize personnel cost 

Benefits; 

In an agricultural research institute, the sole objects of the organisation is to discover 

the best chemicals (fertilizers) or method of farming that can be applied to yield the maximum 

output and control weeds and pest. Over the years millions of money are lost on trials and error 

method, just to verify the best fertilizer that fits a crop and by weeds and pest. 
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But with this analysis it is believed that maximum yield which will lead to mass 

production of form product for the nation will be achieved. 

Good technical advise will be given to minor formers or others who are In farm 

industry on the use of chemicals. 

Complex jobs in the organisation that have been taking weeks and months to solve can 

be solved in few hours as it is believed that time is money 
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CHAPTER FOUR 

SOFTWARE DEVELOPMENT AND IMPLEMENTATION. 

4 .1 ALGORITHM REPRESENTATION 

INTRODUCTION: 

System development and implementation is majorly concerned with all activities to be 

done when converting an old system or current system to new system. 

System Development involves designing of the new system based on based on the 

outcome of the analysis and the recommendation made during the analysis. It also has to do 

with writing of the program and testing the program to ensure their correctness or 

functionality. In this case an analysed data from an old system is used for the new system. 

Good system development and implementation is essential to provide reliable system so as to 

meet the organisational goal. 

4.2 ALGORITHM AND PROGRAMMING LANGUAGE. 

4.2.1 ALGORITHM. 

The word algorithm was derived from the name AL-Khowarizmu who authored an 

algebra test in the nine century. However, more precisely the word was a refashioning of an 

earlier word algorithm which was used for several years to refer to arithmetic procedure like 

long division. With the advent of computer, the term algorithm have got a new leaf since every 

computer program is written or is an algorithm. 

An algorithm is a procedure for solving a problem in a finite number of steps. It can 

also be defined as a finite set or sequence of instructions or operators for coming out of a 

specific task or solving a problem. On the other hand, a program is an algorithm specifically 

expresses in a high language capable of execution by a computer. Generally algorithm are 

expressed in PSEUDOCODE not suitable for execution by computer. 
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4.2.2 CHARACTERISTICS OF VALID ALGORITHMS 

a) Precision:-Algorithm steps should be void of assumption or should not be vague. 

b) Effectiveness or Efficiency: This means that the execution of an impossible task 

should be avoided in the algorithm. 

c) Finiteness: There must be an exact number of instructions in an algorithm 

d) Termination: There should be a stopping criterion to terminate an algorithm 

especially in a case of an instruction with repeated execution. 

e) Output-An algorithm should provide an output of implementation. 

In general, algorithm can be represented by any of the following forms : 

1. Pseudocode (Structured English) 

2. Flow charts 

3. Nassi-Shneidermum structures flow (NSSF) diagrams. 

4. English language. 

5. Formulae 

6. Decision trees 

7. Wernier-on diagrams. 

But for the purpose of this project, the forms of the algorithm that are used are; 

1 Formulae 

2 English language (structured) 

3 Flow charts 

4.2.3 PROGRAMMING LANGUAGE: 

The language that is being used for this project is BASIC (Beginners All-purpose 

Symbolic Instruction Code). It is a high level language designed for people with out prior 

programming experience. It is widely used in programming experience. It is widely used in 

~- ~---- --
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programmmg scientific, mathematical and many business problems. One good advantages 

running the computer in an interactive mode. Another vital characteristics of BASIC is its 

availability on all Disk Operating System (DOS). 

ALGORITHMS 

For Latin square Design Analysis 

Yijk= U+ OCi + Jj + Bk + Cijk 

l<=ijk<= P 

i = 1 to P 

j = 1 to P 

k = 1 toP 

C= (Y. .. * * 2)1P** 2 

Ci = (IYi .. **2)1P 

Cj = (IY.j. **2)1P 

Ck = (IYk. **2)1P 

Cyk = (IIYijk. **2)1P 

Sstotal = Cijk - C 

Sstreatment = Ci-C 

SScolumn = Ck-C 

SSError= SSTotal- SStreatment-SSrow-SScolumn 

MStreatment = SSTreatmenJCP-l) 

MSrow = SSrow/(P-l) 

Mcolumn= SScolumn/(P-l) 

MSError = SSError/(P-2) * (P-l) 

Ft - Ratio = MStreatment/MSError 



FR - Ratio = MSrowlMSError 

Fe - Ratio = MScolunmlMSError 
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ALGORITHM FOR COMPLETE RANDOMISED BLOCK DESIGN ANALYSIS 

Yijk= U+ OCi + Jj + Bk + Cijk 

i= 1 to t 

j = 1 to b 

SStotal = (EEYij * * 2)-( (y .. * *2)/( t*b)) 

SStreatment = ((EYi .. **2)/b )-((Y. . **2)/(t*b)) 

SSBlock = ((EEYij * * 2)-( (y .. * *2)/( t*b)) 

SSerror= SStotal-SStreatment-SSBLOCK 

MStreatment=SStreatment/t-1 

MSblock=SSblock/b-1 

MSerror=SSerror/(t-1 )*(b-1) 

Ft-Ratio = MSTreatmentlMSError 

Fb-Ratio = MSBlocklMSerror 

PSEUDOCODE (STRUCTURE) 

Main Programme 

1. Declare sub for Latin square 

2. Declare sub for randomized complete block 

3. Declare function to sum columns 

4. Enter the do of column and nut of rows of the array to be used. 

5. Dimension the array 

6. Design a menu 

7. Select case menu option. 



Case 1 

Case 2 

Case 3. 

Call Sub Latin square. 

Call sub randomised complete block 

Exit the program 

End select. 

9 End Program. 

Sub Latin Square 
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1. Dimension arrays of summing rows, columns and letters. 

2. Implement an error trap to check if conditions for latin square analysis are satisfied 

3. Enter the values to be used in the analysis. 

4. Sum each group of letters 

5. Sum each column 

6. Sum each row 

7. Carry out the analysis using values obtained (4) (5) and (6) above 

8. End sub 

Sub Randomized complete Block Design. 

1. Dimension arrays for summing columns and rows 

2. Enter the values to be used in the analysis 

3. Call function sum rows 

4. Call function sum columns 

5. Carry out the anlysis using values obtained from (3) and (4) above 

6. End sub 

Function Sum Column 



1. Initialise a variable to store the sum 

2. Dimension array for the sum 

3. Add the values 

4. Assign final value to sum column 

5. End function. 

Function Sum Row. 

1. Initialise variable to store sum 

2. Dimension array for the sum 

3. Add the values 

4. Assign values to sum row 

5. End function. 

4.4 CHANGE OVER 
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This simply means conversion from the old system to new system. There are four ways 

of conversion or change over. They are direct, parallel running, pilot running and staged 

change over. 

1. Direct: This simply means processing current data by both old and new at a go. It is carried 

out when every one concerned had confidence in the new system. This method is relatively 

least expensive but must risky. However, for security reasons, the old system may be held 

including people and equipment, for reason of failure of the new system. 

2. Parallel Running: This means processing data by both the old and new system to cross 

check the results. Its main attraction is that the old system is kept alive and operational 

until the new system has been proved for at least one system cycle. It allows the result of . 

the new system to be compared with the old system before acceptance by the user for 

confidence sake. 
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3. Pilot Running: This is similar to parallel running in a way. Under this method, data from 

one or more previous periods is ran on the new system after results have been obtained 

from the old system and the new results are compared with the old. 

4. Staged Change Over: This involves constrained direct change over method. Here the new 

system in introduced piece by piece. A part or section is run using the new system while 

the remaining parts or selections are processed by the old system. Only when the selected 

part is operating successfully then the remaining is transferred. This method reduces the 

risk involved in direct system. But it has the disadvantages of delay in the implementation 

period. 

4.5 INSTALLATION 

system. 

In system installation, some tools are necessary in assessing the quality of a new 

1. Test for code and Specification: This is to examine what the program should do and 

how it should do it in line with the result obtained. 

2. Verification Test: By executing the software in a simulated environment, that is 

using some assumptions, testing a data for error finding. 

3. Validation Test: This means the process of using a software in a live environment 

for the purpose of sporting error. 

4. Certification Test: Software endorsement for correctness. 

4.6 POST IMPLEMNTATION REVIEW. 

After the system is implemented and conversion is completed, a review of the system is 

usually conducted by users and the analyst. This is a formal process to determine how well the 

system is working, how it has been accepted and if any adjustment is needed. 

The must fundamental thing in past implementation review is to determine whether the 

system has met its objectives, if the performance level of the users has improved and if the 
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system is producing the result needed. Inability of the system to achieve any of those 

objectives may raise doubt on the workability of the system. 
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CHAPTER FIVE 

OBSERVATION CONCLUSION AND RECOMMENDATION 

5.1 OBSERVATION 

This project being developed to improve the manual system of statistical evaluation on 

"analysis of variance" on the yields of sugar roots and bears is said to have shown the 

importance of compterised system in system analysis. It has not only shown the saving of time 

too but accuracy and more efficency in system analysis with computer. 

In the analysis for sugar root yield to evaluate Nitrogen effect, it was discovered that F

Ratio for Nitrogen column effect column and row effect showed 15-72, 1.41 and 2.72 

respectively. When compared with the FI-cxV2 VI from statistical which showed 2. 71 , we 

discovered that Ho is rej ected for treatment and row effect; meaning that the presence of 

Nitrogen has great positive effect on the yield of sugar root and the row arrangement has 

positive contribution too. However being that 1.41 for column effect is less than 2.71 from 

table, that means that Ho is accepted indicating no significant change base on column. 

In the case on beans, the F-ratio for treatment and block showed 46.58 and 2.60 

respectively. Comparing them with FI-cxV 2, VI from table which gave 4.56 and 5.80 for both 

treatment and block. We reject Ho for treatment, which means that the application of fungicide, 

insecticide on time seedling has significant effect on the yield of the seed. While for that of 

block we do not reject Ho and conclude that the block or column arrangement has no 

significant effect on the yields. 

5.2 CONCLUSION 

The computerized system of evaluating the effect of Nitrogen, insecticide and fungicide 

to evaluate significant changes in crop yield has clearly shown the wide range of advantages of 

computerized system over manual system. Therefore the need for computerized method of 
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analysis to meet the need of an organisation in terms of speed, accuracy and ability to handle 

large volume of data can not be overlapped. With the rate of technology advancement in the 

world of computer, it is believed that in no little time, computerized system of analysis shall be 

the answer to all areas of life. 

5.3 RECOMMENDATION 

The following recommendations are found as going to be very useful to those that may 

find this piece of work useful or an aid for further research either in software development or 

in computer application in Agricultural research. Two recommendations shall be given one to 

the agronomist, two to the computer analyst. 

1. As being investigation, result from the analysis has shown that the presence of chemical 

elements, in particular Nitrogen in the soil contributes to the fertility of soil. It is obvious that 

unless nitrogen is continually supplied to the soil to balance the loss suffered by removal of 

crops, the fertility of the soil will decrease there by affecting yields. Therefore strong 

recommendation is given to apply nitrogenous fertilizer to the soil for fertility . 

Having found that insecticides and fungicide are very effective, for both insects and 

fungal disease controls, strong recommendation is also given to the Agronomist to imploy the 

use of these chemical to control agents against crops such as weeds and nematodes. 

2. With the advent of computer in our modern society, it is clear that computer application has 

solved very wide range of problems inhuman endeavour. 

Software packages developed have simplified systems and operations in commerce and 

technology. I therefore recommend that the use of computer for evaluating complex and simple 

problems a like. I therefore recommend further development of other software programmes 

that can solve problems Agriculture in particular as it will improve the living condition of the 

people, encourage large scale production through research and encourage exportation 
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APPENDIX 

STANDARD LATIN SQUARE EXPERIMENTAL LAYOUT FOR SUGAR ROOT YIELDS 

COLUMN 
Row I II III IV V VI 

I A=32.1 B=33 .1 C=32.4 D=29.1 E=31.1 F=28.2 

II B=29.5 C=29.4 D=33.0 E=31.0 F=24.8 A=30.6 

III C=30.8 D=30.6 E=28.8 F=21.7 A=31.9 B=30.1 

IV D=31.4 E=31.9 F=26.7 A=30.4 B=28.8 C=33 .1 

V E=30.3 F=25 .8 A=30.3 B=29.9 C=33 .5 D=32.3 

VI F=21.4 A=30.8 B=30.7 C=29.7 D=27.4 E=29.1 
Standard Latin Square Experimental Design for Sugar root yields in tons. 

Treatments 

E=NaN03 

F= N a Nitrogen 
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RANDOMISED COMPLETE BLOCK EXPERIMENT AL LAYOUT FOR LIMA BEAN 

SEEDLINGS 

BLOCKS 
Treatment I II III IV V 

FoIo 55 69 71 78 68 

Fo 11 65 47 55 64 59 

Foh 47 37 58 48 54 

F2 Io 91 76 92 92 95 

F2Il 85 93 97 88 96 

hh 84 94 94 96 92 
Randomized Complete Block Experimental Design for Lima Bean Seedlings. 
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CT C~4SE opt 

l 
i nSc.p.\<in~e t , b 

2 
dCompBlk t, b 

J 

2121, 5 

. -. " 

NT "PRESS ANY ~<EY TO QUIT" 
== INPUT'!; ( 1 ) 

opt 



*****.*K********y*.x*****LATIN SQUARE~*K~X***.*~*M*M* •• ** •• MK« 

LatinSquare (p~ b) 
1 suml(p) 
~I~ED 13nova,) ,;um'I", sumc 
(p (} b) OF~ (p (=- ;;;~) n·I[N 
s 

tlZl!! cot...or~ I~~;) 

I I " [J~F~Clr.; 'i I I .. 

H~ II prn NT \I t\"ei!:\t m ent and 
lIZ!: r.::IFH NT II be E'q uc:d fen 
1 IZt ~ P R I :-.rr \I ,:\ n a }. 't' ", :i.~; an c:I v c~ 1. u Eo' 

m ::: 121 

R i :::: :1 TO p 
DR j ::::: 1 TCJ b 
:..ct :::: i +- j 
NPUT I:\V'10 V<::, (i 'I .j) 
F (tot (:::: (p + 1» nt'·m (i 1.) T~'IEI"., 

!". 1.1111 1 (j) ,.,., S U In 1 <.j) tan 0 v a ( i, j) 

block must" 
1 at in sq uat'f? \I 

must be mO·('f!.' tha .... ' tvw ", 

!;;lE IF (t nt: (== ': p + 1» (ClND (i <> 1.) THEN 
suml(tot .. 1) .- !;;uml(tot 1) I anov.:;(i, j) 
ELSE 

suml (t:()t ... (p +- :l» ,:, ~;uml (tot 
ND rr 
SUIlW' (:i) :::: SUI1l'(" (:i.) I· ~3umnm·. (5., j) 
St.llllC(j) :::: sumc(j) ~- f:lumCol(i'j j) 

[p;um + (anova(:i., j) ·····2) 

(p I- 1» + anovc?:\(:i.~ j) 

:::: 121: sumtc:-ol ::::: 0:: 5umstotal -- IZI: sumtlet .- el 
1 TO P 

umtrow = ~umtro~ + (sumr(i) A 2) 
umstotal :::: sumstotc:~l -( !SUml' (i) 

u m t c () 1 :::: S U III teo 1 + (~, urn c ( i)···· ;;;! ) 
umtlet::-.:: sumtlet + (~,uml(i) ·····2) 
XT :i 
ff = (sumstotal A 2) / (p A 2) 

:::: !Js-um ..... diff' 
"- (sullltlet .I p) - c:liff 
(sumtcol / p) diff 
(5um~row / p) - diff 

n'O'r" -- SSTotal _. G::3Tl"e,:\'C 
= SSTreat / (p - 1) 
ESCo 1 / (p _. 1) 
SSRo\o\l / (p -.. 1) 

l:iIl E',T 0 l'~ :::: l3SE::l'·'·,·- IJ j'- / « p ;::::) oJ( (p ... 1) 

reat ..... MV(~)l·rl"'·f.~(-a1; / Mv,':t1 E:)···) .... Ot ... 

01 = MVAICol / MvalError 

!:;.umtcol, "Lettf:~'(' totc,l ,"""); sumtlet, "F~()w total ;:-11; 
"Gl"'and tot'::'I1 :::::"; sumstotaJ. 
FHNT "SSTHEAT ::::"; BSTl'''eat, "s::>mw:::en

:; S:~H<ow, "E;SCOL ::::: '; SSCol, "SSTOH·lI_
"SSERRnl~ =:" i Sf.:lE;:·r'l·' (H' 

"MEANVAL TRF.:::AT :::::" 7 IYIW.) 1 Tn·'f.:\t;, "1v\EAI\IV(~L_ROW '" "1 tr1lJa 1 Row, " 1T1EANl,.I{'iLCDL 
AICol, " MEANW=lLEI~R :::: "i ty·l .... aJ.El"'r~Ci)·~ 

Fn NT "t'-"f~AT I 0 Tj~EAT ::::"; nrr·r~eii.d;, "F-'I~AT I 0 COL = "; Ff~Co::', "F· .. ·I:~e:rrI 0 r~ow 

fUNT "Pt-·esc.:. ,:In'l l-c~?>" to conti.nUf2" 
$ ;::-, INPUT $ ( 1 ) 

SUB 



*********~*.*****~*.RANDOM CO~~lETE BLDC~~~X.~**~~~M**'***K***** 

RandCc'mpB.t!-: (t, b) 

F~ED anovi:'I'j s.urn)·"·, ",UlnC 

m ;:;:' I2t 
i ;'" .1. ", D t 

_ .. - :t -ro t:} 
j) 

SIJm::::: gsull! { (c:'\nDvici(i~ j) .... i::::) 
.. ". S U In 'r" ( i) + ~3 1,,1 m R cn', ( j ., j) 
::::: s.urncC,j) + ~3..1rnCDl (1; j) 

sumtrc<w + ·:!;umt-·(j) .... ~::) 

.~. sum s t: 0 t iEt 1 + S 1..~ In 'r - ( i ) 

b 
'..lmteol ,,:: bumtcoll- (<:HHIIC (i) ..... 2) 

f f ~.:: « 5 LI m !:. tot a 1···· i::~) .I ( t .~. b» 
:Total - 95um - diff 

- (sumtrow .I b) diff 
(sumtcol / t) diff 

- SSTotal SSTreRt - SSBLOCK 
.- SST,."f.?a t. / <t 1. ) 
= SSBLOCK / (b - 1) 

va 1. Ej~i" 01" ::.. 881:..:1'"'(' OJ'' / « t .". 1.) .1( (, b U ) 
- MVAITrPAt / MvalFrro' 

MValBLOCK / MvalError 

"Col tota] ::::"; !;umt.c'ol; "F~D\"" tot.;.\:: : .. " I; S\.lmtr-·O.'q "G'r"',~nd tot.::11 ::::;11; '1.\, 

"SBTREAT :::::11; El!3T)"("~c"t:J ":3:31,.113L"OCI< ,".:"; :-3 H BI.."OCI-< 1 "!;~]T(rn:h". :'"" 1 ~}DTote\l~ 

S BE I'''' 'I~' () t~ 
"MEAN\JALTr-~EA":- "'" ":; MIJ~:')ll'\"€~i:d;; "MEANW~LBL..OC;"~ ::::: ":; rt'llJal BLOCI"; II IYIEANVP:: 

~ MvalE:rTor 

fHNT "F RATIO TREAT _ ... II Q -. , 



* ~·)!·x X)I;·)( K· .. ·!(X )A;.}i ')H: )0'. lI~' X }(·K·~' *~:;L':V: 

. r am l)1.lm;~(J\o-,· 
ITIl~ ."- ,~ 

f~ED an;:)'I, 
) 

• t: s .111' 

Ro\.\! "- t s·uml~ 
FUNCT~ON 

{. 2IIIC
'
V;:.-d.i., .j ) 

k*·*~~~*~«~ •• ~~**~.***~XSUM COL~M~~~*~*~~~*~~*V****M*K*~**~K 
! ON D'.lmCQ.l (i, .J) 

!:; .. ,me 
' • .tll c: .j. .~iTl (i vd ( i; .J ) 

FUNCTION 



·*****~***~**.***~***KOUTPUT ;.!S~I~G~~~~K¥~K.*¥*~~~*K~K~~KM.' 
"f' :r rJ SGlUn r~r: 

the no Cc'" tr''':·2,tllff?f<t.!:'. '" t
t~e nc D~ bloc\s ~ G 

~.'S nny li,I~\t' 0 Cont1f.lJf.-

[ 2.J lANDDMI7ED COMPLeTE BLOCK 

r:~~1[~XIT 

.ECT MENU IT~M 1 



.;.: I. ') t '.3i:~::3. :.:; 
tot,:1. : tIZ:?!.. '7 
T .. ,; :i 85. 7£.(,,',) 

::' ,.~\ ... ~. l ~. 8 
10 TREAT ~ "5.72478 
any ~ey to continue 

~.ir:)CCJL. 

~... - ...... '-' 
... ;i-II 1';\"\'" I ~ 

F·nrnID FiOIrJ ... ;';'.7,: I.C.:., 



, ... " 
"'·f· l 

91 

85 

07 
88 

lJL', 

I ') 11 

, ~)4 

, ')(, 

'} ~:: 

the n 0 l) f b 1 f.) t. t< .;. 

r L J 

~I)ENU ): TE!'fj 

" ,( ., . 
" , 

,"', .... 

i::?~:'; r"(Jf(.1!N" !..' :: l?~ 1_' I/i", .. ;t ~'3L::,F~r~~r~(::I'{ .. '?'?C:~N 

00.2513 MrnNVn ~RR - 38. 50y-r 



o 
Mai n progT'aM F 1 oWc~lart 

of treatMent 
I 

input no. of blocks 

Latin square 

t 

RandoMised 
Bloc:k Design 

jprint info~!tion 
L 

t .. 
I 

8 



SUM = 0 
i = 1 
j = 1 

Ftl"eat=2. 1 
,...--""* l"ow::F col = Ftre at 

I I 

tot = i t 

+ anova<i ,j) 

Y sUMl(tot-<f+ j » = 
sUMl(tot -~p+1) + t---. 
anova(i,j) 

sUMl<tot-(p+1) -
sUMl(tot-(p+1) + 
lnova(i, J) 

SUMr( i) = sUMr( i) + 
sUMrow(l,j) 

SUMO(j) = SUMO(J) + 
sUMooI (i I J) 

qSUM = qSUM +(anova{i,j)~2 

n 



n 

sUMtrow = 0 
sUMt.col = 0 
sUMtotal = 0 
sUMtlet = 0 

= 1 

s U/'~trow = s UMtr'OW + SUMr (i) 1\·2 
sUMioial : sUMioial + sUMr(i) 
sUMool : sUMool + suno(i)A2 
sUMtl.t: sUMtl.i + sUMl(i)A2 

n 

v 

dift :(sUMtotalA2)/(pA2) 
ssir.at : (suMtl.tlp) - dif 
ntotal : qSUM - diff I ssool : (suMtool/p)-ditf 
SBrow : (suMtrowlp) -diff 
s,.rror : sstotal-ssir.at 

-ssool- ssrow 

}rtreat=Mval treat! i 
I Mvalerr I 
frcol=Mvalcoll I' 

Mval err-=sserr'orl 
(p-Z)*(p-1) 

I Mvalerr 14------1 
I'rroW=Mv al row! I Mval err 



-

I 



~ 
stut 

SUM = 0 
i = 1 . - 1 
~ahhuow=2.71 
Falphacol=2.87 

sUMr(i)=SUMr(i)+SUMrow(i,j) 

SUMC(j) = sUMc(j)+sUMcol(i,j) 

qsUM = gSUM + (anova(i,j)A2) 

n 

n 

sUMtrow 0 
sUMtcol 0 
sUMtotal 0 =1 

sUMtrOW=SUMtrow+(SUMr(i)A2) J 
sUMtotal=sUMtotal+sUMr(i) 
sUMtcol = sUMtcol + (sUMc(i)A ) 

n y 



L? 0 L. 

diff=(sUMtotal A2)/(t*b) 
sstotal=qsUM -diff 
sscol=(sUMcol/b)-diff 
ssro\o,t:( sUMr'ow/t) -di if 
sserror=sstotal-sstcol-ssrow 
Mvalrow = sstreat/(t-1) 
Mvalcol = sscol/(b-1) 
Mval err = sserl'ol'/(t-i) (b-1) 

t 
I Fcol=Mvalcol/Mvalerr 

Fro\o,t:MvalrowlMvalel'r 

I 

]H ,ph.., output 

di ,ph.., MUSl9' 

stop 

t 



.~ 
.975 
.990 
.995 
.999 

.9 
.95 

. 975 

.99) 

. 995 

.999 

'!O .9 
~95 
.975 
.99) 
.995 
.999 

1 .9 
.95 

.975 

.99) 

.995 

.999 

2 .9 
.95 

.975 

.99) 

.995 

.999 

23 .9 
.95 

.975 

.99) 

.995 

.999 

24 .9 
.95 

.975 

.99) ' 

.995 

.999 

25 .9 
.95 

.975 

.990 

.995 

.999 

30 .9 
.95 

.975 

.990 

.995 

.999 

'to. _ .• ", ___ -- . ... ..... 4r.:P~ 2 .. 272 . :"9 2.11 2 . 04' 1.92 
5.98 4.56 3.95 3.b~ J .jD 3.22 3.10 J.Ol 2.93 2.87 2.77 2.67 2.56 2.~4 2.J5 2.)9 
8.296.01 5.09 4. 58 4.25 4.0l 3.e4 3.71 3.60 3.513.37 3. 23 3.08 2. 92 2.78 2. 57 
10.27.216.035 . 314. 96 1..C6 4. 41.. 4.7.8 1,.14 4. 03 3.86 3.68 3.50 3. 30 3. 14 2. 87 
15.410.48. 497. 46 6.81 6.35 6.02 5. 76 5. 56 5.39 5.13 4.87 4.59 4.30 4.06 3. 67 

2.99 2.61 2.40 2.27 2.16 2.11 2.06 2. 02 1. 981.':'6 '-.?: 1.f'J' ),.81 1. 76 ' ~l. ) .63 
4 . 38 3.52 3.13 2.~<> 2.74 2.63 2.54 2.1;8 2.42 2. 38 2.31 ?2~ ~. ''-' 2.072.00 1.88 
5.924. 513.90 3. 56 3.33 3.n 3.05 2. 96 2.8'3 2. 82 2.72 2.62 2.<;1 2.392.302 . 13 
8.185 .935.01 4.50 u. 1"I 3. 94 3.77 3.63 3. 52 3.1..3 3. 30 3. 15 3.00 2.84 2. 71 2.~9 
10.17.095 . 925.2'( 4.85 4. 56 4.34 4. 18 4.04 ~. 93 3. 76 3. 59 3.

'
10 3 . 21 3 . 04 2.78 

15.110.28.287.27 6.626. 165.855 .595. 39 5. 22 4.974. 70 4.43
' 
•• 14 3.90 3.51 

2.97 2. 59 2.38 2.25 2.16 2.092 .042.00 1.')6 1.911 1.89 1.64 1.791.741.691.61 
.4.353.493.10 2.87 2.71 2.60 2.51 2. 45 2 . 39 2. 35 2.282 . 202.12 2.04 1.97 Leu 
5.87 4 . 46 3.86 3. 51 3. 29 3.133. 012 .912 . 64 2.77 2.63 2. 57 2. 1.6 2.35 2. 25 2.09 
8.10 5.85 4.94 4. 43 4. 10 J .87 3. 70 3. 56 3. 46 3.37 3. 23 3. 09 2.94 2.7B 2.64 2. 42 
9.94 6.99 5.82 5.17 4.75 4.47 il.26 4.09 3.96 3.85 3. 68 3.50 3.32 3.12 2. 96 7. . 69 
14.89.95 8 .10 7 .10 6.46 6. 02 5.69 5.44 5. 24 5.08 4.82 4. 56 4. 29 4. 00 3. 77 3.38 

2.96 2.57 2. 36 2.23 2. 1112.08 2.02 1.98 1.95 1. 92 1.87 1.83 1.78 1.72 1.671.59 
4.323.47 3.07 2 . BlI 2.68 2.5', 2.49 2.42 2.37 2.32 2. 25 2. 18 2.10 2.01 1.94 1.81 
5.834. 423.823. 48 3. 25 3. 09 2.97 2.87 2. 80 2. 73 2.64 2.53 2.42 2.31 2.21 2.04 
8. 02 5.78 1 •• 87 4.37 4.04 3.81 3.64 3.51 3.40 3. 31 3.17 3.03 2.88 2. 72 2.582.36 
9.83 6.89 5.73 5.09 4.68 4. 3$ '1.18 4.01 3.88 3.77 3.60 3.43 3. 24 3.05 2.88 2. 61 
14.69.77 7 . 94 6. 95 6.32 5.88 5.56 5.31 5.11 4.95 4.70 4.44 4 . 17 3.88 3. 64 3.26 

-.' 
2.95 2.56 2.35 2.22 2.132 .06 2.01 1. 97 1. 93 1.90 1.86 1.81 1.76 1.70 1.65 1. 57 
4.30 3 .44 3.05 2.82 2.66 2.55 2. !~ 2.40 2.34 2.30 2.23 2.15 2.07 1 .98 1.91 1.78 
5.79 4.38 3.78 3.44 3.22 ~ .. 05 2. 93 2.842.762. 702.60 2. 50 2.39 2.27 2. 17 2.00 
7.95 5.72 4 . 82 1' .313.9'9 :.'/6 3.59 3.45 3. 35 3.263. 12 2.98 2.83 2.67 2.53 2.31 
9.73 6.815.65 5.02 4.6::. . 32 l.l1 3.94 3.B1 3. 70 3. ;4 3.36 3 . 18 2. 98 2.82 2.55 
14.49.617.80 6.81 6.19 5.765 . 1;4 5.19 4.99 4. 83 4.58 1'.33 4. 06 3 . 78 3. 543.15 

2.94 2.55 2.31.2.212. 11 2.05 1.99 1.95 1..92 1.89 1.84 1.80 1.74 1.69 1. 64 1.55 
4.28 3. 42 3.03 2.80 2.64 2.53 2 . 44 2. 37 2.32 2. 27 2. 20 2.1 3 2. 05 1.96 1.88 1.76 
5.75 4.35 3. 75 3.413.18 3.02 2.90 2.81 2.73 2.67 2.57 2.47 2.31' 2.2 l, 2.14 1.97 
7.88 5.66 4.76 1~ . 26 3. 94 3.71 3.54 3.41 3 . ,\0 3.21 3 . 07 2. 932.782.62 2.1;8 2.26 
9.636.73 5.5e 4.95 4. 54 4. 264.053.88 3 .75 3.643.473.30 3.12 2 . 9~ 7.76 2.1;8 
14.2 9.47 7.676.70 6.08 5.65 5. 33 5.C9 4.89 4.73 4. 48 4.23 3. 96 3. 68 3.44 3.05 

2.93 2. 54 2.33 2.19 2.10 2.04 1.98 1. 94 1.91 1 .88 1.83 1.78 1. 73 1.67 1.62 1.53 
4.263. 40 3.01 2.78 2.62 2.512.42 2.36 2.30 2.25 2. 18 2. 11 2. 03 1.941.&6 1.73 
5.72 4.32 3.72 3. 38 3.15 2.99 2.87 2.78 2.70 2.64 2. 54 2.44 2.33 2. 21 2.11 1.94 
7.825.61 4.72 4.22 3.90 3.67 3.50 3. 36 3.26 3.l7 3.03 2. 89 2. 74 2.58 2. u4 2.21 
9.556.66 5.52 4.89 4. 494 . :20 3. 993.83 3.693. 59 'j.42 3.25 3 .06 2. 87 2.70 2. IIJ 
14.09.34 7 .55 6 . 59 5. 98 5. 55 5.23 4. 99 4.80 1 •. 64 4. 39 4. 14 3 . 8'( 3.59 3.36 2.97 

2.92 2.53 2.32 2.182.09 2.02 1 . 97 1.93 1.89 1 . 87 1 . 82 1.77 1.72 1.661.611.5 
4.24 3.392.99 2.76 2.60 2.119 2.40 2. 34 2. 2f) 2. 24 2.16 2. 09 2.011.92 1.841.71 
5.69 4. 29 3.69 3 . 35 3.13 2.97 2.85 2.75 2.68 2. 61 2.51 2.41 2.30 2.1B 2.08 1.91 
7.77 5.57 4.68 4.18 3.B5 3.63 3.46 3.32 3.22 3. 13 2. 99 2.85 2.70 2.54 2.110 2.17 
9.48 6.60 5.46 4.84 4.43 4.15 3. 94 3.783.61.3.51• 3 . 37 3. 20 3.01 2. 32 2.6, 2.38 
13. 99.227. 1'56.495.895 .1.6 5. 15 4. 91 l'.71 4.56 4.31 4. 06 3 .79 3. 523.282.89 

2.88 2.119 2.28 2 .14 2. C5 1.98 1.93 1.IYJ l.8:; 1.82 ~.TI 1.72 1. 67 1.61 1.55 1.1;6 
4.17 3. 32 2.92 2.692.53 2. 422 . 332.27 2.21 ~ .).6 2.C9 2.01 1. 93 1.b4 1.76 1 .62 
5.574.183.593. 253.032. 872.752.652 . 572.512.41 2. 31 2. 20 2. Q'T 1.97 1.79 
7.56 5.39 4.51 '4.02 3.70 3. 47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.392.2) 2. 01 
9.186.35 5.24 4.62 4.233 . 95 3.74 3.58 3. 45 3.34 3 . 18 3.01 2.82 2.63 2 . ~ ~.lB 
13. 38.77 7.05 6.12 5. 535. 12 1 •• 8,- 4. 58 4. 39 4. 2)' 4. 00 3.75 3.49 3.22 2.98 ?59 

\ I 

l I 
I 

I 

"J..IJ .:. ) 3.(', 50 

::; ~,11 2.02 1.95 l <; .... loth l..B7 1.79 l. 74 !.69 1.63 1.57 1. 51 ~ .• 41 
__ ~.z7 2.~1 2.64 2.49 ~ . 31 2.29 2.~2 2.16 : . 11 2.04 1.96 1.es 1. 79 1.70 1. 56 

r> T 5.'-'8 4.ll 3.523.182. 9"5 2 . 8c 2.6<1 2.58 " . ~o 2.4;" 2.34 2.23 2.12 2.00 1.89 1.70 
.990 1 7 . 42 5. 27 ~.4O 3.91 3.59 3.31 ~.20 3.07 2. 96 2. 88 2.74 2.60 2. 44 2.28 2.14 1.89 
.995 8.98 I1 . J9 5.09 4.48 4.09 3.813.613).5 3.32 3.21 3.05 2 . e..~ 2.69 2.50 2. 33 2.04 
.999 12.98. 476.795.88 5.30 4.89 4.59 4.36 4. 18 4.03 3. 79 3. 55 3.293.02 2.782.38 

40 . 91 2.84 2.l.h 2.2'3 2.09 2.00 1.93 1.87 1.83 1.79 L 76 1.71 1.66 1. 61 1.54 1.48 1.38 
.95 4. 08 3.23 2. 84 2.61 2.45 2.31.. 2. 25 2.182.12 2.c8 2. 00 1. 92 1.84 1.141.66 1.51 

.'T"j' 5. 42 1..05 3 . ~6 3. 13 2.90 2.7u 2.62 2.~3 2.45 2,39 2.29 2.18 2.07 1.91.1.83 1.611 

.990 ;.31 5.lb i~.31. 3.833. 513 .• 93.12 2.99 z..89..2_80-z.66_1.,5_2--1.,37 2. 20 .:.06 1. 80 

.995 8 . 83 6.01 h,~ 1~ .37 3.99 3.71 3.51 3.353.22 3 . 12 2.~5 2.78 2.60-2. liO-i::~3J:.93 -1-

.999 12.68.25 6 .595.105. 13 4.73 4.44 4.21 4.02 3.87 3.04 3.40 3.14 2. 87 2.64 2.23 I 
45 .9 2. B2 2.42 2.21 2. 07 1.98 1. 91 1.85 1.B1 1 .11 1 .74 1. 70 1.641.581.52 1.46 1.35 I 

. 95 1~.06 3.20 2.81 2. 582 .42 2. 31 2.22 2.15 2. 10 2. 05 1.n 1.891.811.711.63 1.47 
.975 5. 38 h.Ol 3 .42 3.09 2.86 2.702.58 2. 49 2.41 2 . 35 2. 25 2.14 2.031.90 1.79 1.59 
.99017.235. 11 11. 251.77 3. 45 3.23 3. 07 2.94 2.832.74 2.612.46 2.31 2.14 2. 00 1.74 
. 995 8.n 5.97 1 •• 89 1 •. 29 3.91 3. 64 3. 43 3.28 3.153. 042.88 2.71 2.~'3 2.33 2.16 1.85 
. 999 12. 48.096 . 45 5.565.00 4.51 4. 32 4. 093.91.3 . 763. 533. 293.04 2.76 2. 53 2.12 

;0 . 9 2.81 2.41 2. 20 2.06 1.97 l..9O 1.84 1.80 1.76 1.73 1.68 1.63 1.571. 50 1.44 1.3 
.95 4.03 3.18 2.19 2. 56 2. 40 2. 29 2.20 2:13 2.07 2.03 1.95 1.87 1.78 1.69 1.60 1.44 

.975 5. 34 3.g{ 3.393.05 2.83 2. 67 2. 55 2.46 2.38 2. 32 2. 22 2.11 1 . 99 1.87 1 . 75 1.55 

. 990 7. 175. 06 4.203 .72 3. 41 3.193.02 2.89 2.78 2.70 2. 56 2. 42 2.272.101.95 1.68 

.9951,8 .635.90 1..83 4.23 3.85 J . 59 3. :;8 3.22 3.09 2.99 2. 82 2.65 ~.4? 2.27 2.10 1.79 

. 999 12.2 7.96 6.311 5.46 4.90 4.51 4.22 4.00 3.82 3.67 3.44 3.20 2. 95 2.68 2.44 2.03 

60 . 912.792 . 392. 182.041.951.87 1.82 1.77 1.74 1.711.66 1. 60 1.54 1.48 1.411.29 
.95 4. 00 3 . 15 2. 76 2.53 2.37 2. 25 2.17 2. 10 2.04 1 . 99 1. 92 1.64 1.75 1.65 1.56 1.39 

.n5 5.293.933.34 3.012 .792.632.512. 111 2. 33 2. 272.172.06 1.)4 1.82 1.70 1.48 

.990 7.08 u.98 1 •• 133.653.343. 12 2. 95 2.82 2. 72 2.63 2.502.35 2. 202.031.88 1.60 

.995 8. 495.794.73 4.143.763.493. 293.13 3.01 2. 90 2. 74 2. 57 2.39 2.19 2.01 1.69 

.999 12.07. 77 6 .17 5.31 4. 76 4. 37 4. 09 3.86 3.69 3.54 3.32 3.08 2.83 2. 552.32 1.89 

80 .9 2 . 772.37 2.15 2.02 1. 92 1.85 1. 791.75 1.71 1.68 1.63 1.51 1.51 1.1~ 1.38 1.24 ' 
. 95 3. 0,6 3. 11 2.72 2.49 2. 33 2.21 2.13 2.06 2.00 1.95 1.88 1. 79 1.70 1.60 1.511.32 

. 97515 . 223 . 86 3. 28 2.95 2.732 .572 . 45 2.35 2.282 . 21 2. 11 2.00 1.03 1.75 1 . 63 1.40 

.~ 16.96 1 •. 88 4.04 3.56 3 . 2~ 3 . ~4 2.87 ~ . 74 2. 6~ ~ . 55 2.~2 :.27 ~ .12 1. 94 1.79 1.49 

.9 .5
1

8 .335.61 4.61 4.03 3.65 3 • .)9 3.1~ ,J . 03 2.9. L.80 2. 04 <.l'7 L. 29 2.08 1. 90 1. 56 
.999111.77.54 5.<J7 5.12 1' . 5B 4.20 3.92 3. 703.533. 393.16 2.93 2.68 2.41 2.16 1.·rz 

100.9 2.·i6 2. 36 2. 14 2.00 1.91 1 . 83 1.78 1.73 1.69 1.66 1.611.56 1. 49 1.42 1.35 1. 21 
. 95 I 3. 94 3. 09 2. 70 2. 46 2.31 2. 19 2.10 2.03 1 . 97 1.93 1.85 1.77 1. 68 1.571. 48 1.28 

.975 5 . 1B 3. 83 3. 25 2. 92 2.70 2.5 4 2. 42 2. 32 2.24 2. 18 2. 08 1.<J7 1.85 1.711.591.35 

. 990 6.90 4.82 3.98 3.51 3. 21 2. 99 2.82 2. 69 2.59 2.50 2.37 2.22 2.071.891.741. 43 

.995 8.24 5 . 59 4. 54 3.96 3.59 3. 33 3.13 2.97 2.65 2.74 2. 58 2.41 2.23 2.02 1.84 1.49 

. 999 11. 5 7.41 5. 86 5.02 4.48 4.J~ 3.83 3.61 3.44 3.30 3.07 2.84 2. 59 2.32 2.08 1.62 

120.9 2.75 2.35 2.13 1 .99 1.90 1.82 1.77 1.72 1.68 1.65 1. 60 1.55 1.48 1 . ~1 1.34 1.19 
.95 3 . 92 3 .07 2.68 2.45 2.29 2.10 2.09 2.02 1 . 95 1 . 91 1.83 1.75 1.66 1.55 1.46 1.25 

.975 . 5. 15 3.80 3.23 2.69 2. 67 2.52 2.39 2.:0 2.22 2.16 2.05 1.94 1.82 1.69 1.56 1.31 

.99016.85 4.793. 953. 48 3. 172.96 2.79 2.66 2.56 2.117 ?~4 2.19 2.03 1.86 1.70 1.36 

. 995 1 8. 185 .54 1&.503.92 3.55 3. 2B 3.09 2.~J 2.81 2. 71 2.54 2.37 2.19 1.98 1. 80 1.43 

.999 11.l 7.32 5.7B 4. 95 4.42 4.04 3. 77 3.55 '::. 38 3.2 4 3.02 2.78 2.53 2. 26 2.02 1.54 

'"" . 9 12.712.30 2.08 1.9lf ;1..85 ::'.77 1.72 1.67 1.63 1.60 1.55 1. 491.421.34 1. 261.00 
. 95. 3.£H, -., . ~. ') 2.60 :! . 3'T 2.21 2.1n 2 . 01 1. 9ll 1.8:~ l . S:; 1.75 1.671.57 1.46 1.35 1.00 

.n'" i 5.0< 3.6'] 3.12 2.792.57 2.4) 2.2" 2.19 2. n ::.0, 1.94 1.83 1. 71 1.57 1.43 1.00 

.990 16.63 4.61 3.78 3. 32 3.02 2.Bo 2.61. 2.51 2.41 2. 32 2.1/3 2.04 1.88 1.70 1.52 1.00 .9951' 7.88 5. 30 4.28 3.72 3.35 3.0Sl 2. 90 2.74 ~ . 62 2.52 2. )6 2. 19 2.00 1.791.591.00 

.999 10.86.91 5.42 1..62 4. 10 J.74 3.47 3.27 3.10 2. (',5 2. 74 2.512. 27 1.99 1.73 1.00 
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