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A USER’S GUIDE

TO THE OA366~’ APL WORKSPACE

by

F .  Russell Richards
Naval Postgraduate School

Monterey, CA 93940

ABSTRACT

Instructions are given for the use of the APL Public

Library Works pace , 2 0A3660 , which was developed as an aid to

interactive exploratory data analysis. The 0A3660 workspace

is accessible to all users of the computer time sharing system

at the Naval Postgraduate School. The workspace contains

various data analysis functions , data , and complete internal

documentation. This report provides a primer on APL, documen-

tation on each function contained in the work space , examples

of the use of each function, and program listings .
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A USER’S GUIDE

TO THE OA366~ APL WORKSPACE

by

F. Russell Richards
Naval Postgraduate School

Monterey, CA 93940

I. INTRODUCTION

This report provides documentation for the OA3660 APL

workspace that was developed during the summer and fall  quarters

of 1977 in conjunction with the offering of the 0A3660 course,

Data Analysis , at the Naval Postgraduate School . The OA3660

workspace contains APL functions , variables , and data sets that

are useful for interactive exploratory data analysis.  The APL

functions include selected procedures from the STAT1O1 public

library [ 6] ,  and from Donald R. McNeil ’ s textbook , Interactive

Data Analysis: A Practical Prime r [5] (with some modifications) .

The 0A3660 workspace also includes functions written by myself

and studen ts in my class and various u t i l i ty  functions extracte d

from other public library workspaces. Documentation for each

function is contained in this report and in the 0A3660 Public

Library Workspace.

3
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The data sets include data contained in examples and exercises

in the above mentioned book , data from John Tukey ’s Exploratory

Data Analysis [81, data generated from test scores in the

0A366 0 class , and data extracted from a few other textbooks.

The data are cross referenced with the sources in a variable

named DATANAP .

This report is intended for the user who has some experi-

ence with APL and who is taking a course in Data Analysis or one

who is already familiar with the basic techniques of interactive

exploratory data analysis as described in Tukey [81, McNeil [5],

and Mosteller and Tukey [7]. This report will not attempt to

explain the analysis techniqies themselves , nor will it discuss

detailed APL concepts. It will give a brief description of the

construction of data arrays and transformations of data since

those are key elements in interactive exploratory data analysis.

It also includes a brief discussion of basic APL commands such

as logging into the system, loading workspaces, etc. For further

details on APL and the NPS time-sharing system , CP/CMS, the

reader is referred to the Naval Postgraduate School Technical

Note No. 0141-33, APL(CMS)-Ari Introduction [1]; the IBM report

#GH2O—0906—l , APL\360—OS and APL\360—DOS User ’s Manual [2];

APL-An Interactive Programming Languag~ [3] by Gilman and Rose;

and APL Programming and Computer Techniques [4]  by Katzan .

4
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Each function contained in the 0A3660 workspace is

discussed; the function syntax is given ; the function

parameters (if any) are described; APL listings of the functions

are given ; and at least one example is included to illustrate

the use of each function . An attempt has been made to assure

that eve ry function in the workspace is completely debugged .

However , should any problems be experienced, the user is urged

to not ify me of the problems . Users are also encouraged to

submi t to me interesting data and APL functions that are use-

ful for interactive exploratory data analysis .

5
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II .  APL PRIME R

This chapter is written primarily for the user who is

not familiar with the APL programming language . We attempt to

• provide onl y that material that the user needs to know about

A?L to use successfully the 0A3660 APL Public Library. There-

fore, we discuss in this chapter login procedures , basic APL

workspace management, error recovery procedures, creation and

storage of data , data transformations, function syntax , and

• logout procedures. A user conversant with APL should proceed

to Chapter III.

A good understanding of APL would enhance the user ’s

facility for working with data arrays and performing interactive

exploratory data analysis. Therefore, we encourage th user to

seek out more detailed information on APL. References [1 ,2,3,4]

are all recommended.

A. Getting Started: Login

In order to use the 0A3660 APL Public Library , the

user must have access to a computer terminal that has APL

capability linked to the Naval Postgraduate School IBM 360/6 7

computer. There are many dif ferent types of remote terminals

available for use ,* and each has its unique features of oper-

ation . Therefore , the user should check out the opera ting

The IBM 2741 terminals with a special APL typing ball , the
Intertec terminals , and some of the CRT terminals have APL
capability . In addition , there are several school owned
portable terminals with APL capability .

6
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instructions for each terminal to augment the general instructions

given here .

If the terminal is wired directly to the computer, the

user need only turn it on to access the NPS CP/CMS Time Sharing

System. If not, the user must link to the computer via an

acoustic hookup. First, turn the terminal on to the correct

settings. Then dial the appropriate telephone number for
*connection to CP/CMS. When the shrill audible tone is received,

place the telephone receiver into the acoustic coupler which

is connected to the terminal . If all of the terminal settings

are correct, and if the time sharing system is in operation ,

the user should receive the message “CP-67 ONLINE” . At this

point, the user must log onto the system by typing (with the

non—APL character set):

LOGIN XXXXPYY

where XXXX is the user ’s identification number assigned by

the computer center , P indicates a private user ID (type C

if a general user without private disk space), YY is the terminal

number , and indicates a carriage return J~ If the identifi-

cation number is valid , the system will request the user’s password .

*The telephone n umber and the terminal settings depend on the
terminal being used. For ASCII terminals (nearly all terminals
at NPS other than the IBM 2741 terminals) dial either x261l
(with speed setting at 110) or x3025 (with speed set t ing at 3 0 0 ) .
For EBCDIC terminals (IBM 2741), dial x2701.
#On some terminals the user must depress simultaneously the keys
CONTROL and S in place of a carriage return even though there
may be a key so labelled. We will use to indicate a
carriage return for all terminals .

7
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The assigned password should be typed followed by a carriage

return :

PASSWORD

If the password is incorrect, the system will reject the login

and ask the user to start over. If the password is correct,

the system will  request the user ’ s four—di git project number

to be followed by a four—character  cost center code . The

project number must be assigned by the computer center. The

cost center code is the user’s section identifier or departmen t

code .

p
~rrcccc

If the project n umber is acceptable the system will respond wi th

a ready message indicating that the user is in the CMS subsystem

of the CP/CMS Time Sharing System. Otherwise , the user must

repeat the entire procedure.

Once the user has entered CMS he should switch on the

APL character set* and type

APL

*Switching to the APL character set may Consist of f l ipp ing  a
switch , changing a type ball or impact print set, or issuing
a sequence of program instructions depending on the type of
terminal .

8

II.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---- - - ~~~~~~~~~~~~~~~ - -- - - -  - ~~~~~~~~~~~~



~~~TT ~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ -

to enter the APL subsystem. The system will then respond with

the message :

A * P * L \ N * P * S

LIBRARY DOCUMENTATION SYSTEM.. .  ) LOAD 1 LIBDOC TYPE DESCRIBE .*

The user is now in APL, and all of its powerful features

are available to him. He may use APL in the calculator mode

somewhat as he would use a hand held calculator ; he may define

his own functions to perform a sequence of operations ; or he

may access the public libraries which consist of commonly used

preprogrammed functions that perform a variety of useful  compu-

tations.

In the next Lection we describe briefly the use of APL

in the calculator mode to generate , manipulate and store data.

In later sections we describe the use of APL to transform the

data, and the use of APL Public Library Workspaces. The user

is directed to references [1,2,3,4] for information about writing

functions in APL, and for more detailed information about primitive

operations in APL.

*
If any symbol other than the right parenthesis ) appears before
the word LOAD, the system is not properly translating the
character set into the required APL characters. If this happens ,
the user should type the symbol that appears (represented here
by ~) followed by the word OFF as follows :

~ OFF

This will get the user off the system at which time he should
. consult with the computer center staff as to the special

requirements for his terminal . Do not proceed in APL until
the character “ ) “  appears before the word LOAD in the message
typed when APL is entered.

9
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B. Generating and Storing Data

Generation of data arrays is very simple in APL because

one need not be concerned with format . One must , however , become

familiar with the APL syntax. First is the assi gnment symbol

- which plays a role somewhat like the = sign in FORTRAN .

It means to take the expression on the right and assign it to

the variable named on the left. Suppose, for example, one wants

*to generate a vector of data named X consisting of the four

observations : 3.15 12.57 8 6 .003 .  One need only type:

X ~ 3.15 12.57 8 6 . 0 0 3

with the decimal typed if needed and wi th one or more spaces

serving as delimiters for  the separate observed values . (Real

numbers may be expressed in scient i f ic  forma t by use of the E

notation . 2.5E5 means 2.5 x 1Q~ or 250000.) Extra spaces before

and after the assignment arrow , ~- , are not needed, but they will

not hurt anything. Additional values can be added to the vector

by using the catenate operator (the comma)# as follows :

*
Just about any name can be used for variables as long as the
first character is alphabetic and the other characters are
alphabetic or numeric. The character ~ is also acceptable .

#One must take care to strike the characters for the APL
character set. Several of the APL characters are identical
in appearance on the terminal keyboards to non-APL characters ,
but different results are obtained. Among the characters
that appear the same are ) ‘ ( - + x / : ;

10
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X ÷ X , 5.76 ~4 1.47

This statement says to catenate the three indicated values to

the end of the old data vector X and to call the resulting

vector X. The entire vector can be viewed by typing X

followed by the

X~~~~~

3.15 12.57 8 6 . 0 0 3  5.76 4 1.47

In the above vector, the negative signs are typed using the

negative symbol (upper shift 2), not the minus sign (upper

s h i f t  + ) .

If one is entering many data values into a vector he

may require several lines of input to do so. Additional values

could be inserted , as above, using the catenate operator. How-

ever, a simpler way is to type a comma followed by the quad

symbol U (upper shift L) and a carriage return at the end of

a line if more values are to be continued on succeeding lines.

The next line will automatically begin with the quad symbol

prompting the user to continue entering values. This is

illustrated below :

D A T A ÷ 4  6 8 12 6 2 ~4 0 0 1 22 36 29 l8 , D ~~~~~~

U: 4 2 12 9 ~3 17 9 9 2 1 4

11
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If a value is typed incorrectly and discovered before

the is struck , the value can be corrected by backspacing

to the incorrect entry and h i t t ing  the line feed key . This

will erase the incorrect value and everything to the ri ght of

the value . Then type the correct values.

Data correction or modification after a line has been

terminated by a carriage return can be accomplished several ways.

One way is to determine the index of an incorrect entry and

assign a new value to that specific element of the data array.

For example, suppose one wants to change the third element from

8 to 4.81 leaving all the other elements alone . This can be

done by typing:

X [3] ÷ 4.81

Multiple corrections can be made simultaneously as follows:

X [3 , 4 , 5] ÷ 4.81 5.9 3.26

The X vector would then contain :

3.15 12.57 4.81 5.9 3.26 1 .47 .

The inde x ope rator i (upper shift I) is convenient for

determining the index of a given value (or indices of a set of

values) in an array of data . If X is the data array and B

is a set of values in X , then X i B will  generate the set of

On some terminals the line feed key is labelled LF.
On others , the attention or break key must be struck .

12
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indices of the values of B in X . If a value appears in more

than one place in X, only the subscript of its f i rs t  appearan ce

is given . For example , if X 3.5 12.57 4.81 5.9 3.26 ~4 1.47

the index of the value 5 . 9  is foun d as follows :

x 5.9

4

Let B ÷ 12.57 3.26 . The indices of B in X are

given by:

X : B

2 5

This operation could be useful for altering selected va lues in

an array . To illustrate , assume that we want to change the

values 12.57 and 3.26 in X to 80 and 83. The operation

below will accomplish this change:

X {X : 12.57 3 .26]  80 83

x
3.15 80 4.81 5.9 83 4 1.47

Additional values can be inserted at any position in the

vector, and values can be delete d frorn the vector by using the

take “ a ” , drop “ + “ , and catenate “ , “ operations. The take

operation with syntax

r

~~~~

X , 

13
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selects the firs t r elements from the vector X if r is

positive and the last Id elements if r is negative. The

drop operation with syntax

r +  X

deletes the first  r elements of X if r is positve and the

last In elements if r is negative . If In is greater than

the n umber of elements in X , r t X will insert zeros to the

right of the elements of X unti l  In elements are obtained

and r + X will result in the empty vector. The examples below

demonstrate the take and drop operations.

X

3.15 12 .57 4.81 5 .9 3.26 4 1.47

3 t  X

3.15 l2 .57  4.81

2 t X

4 1.47

9 t X

3.15 l2 .57  4.81 5.9 3. 26 ~4 1.47 3.15 12.57

2 + X

4.81 5.9 3.26 ~4 1.47

4 + X

3.15 12.57 4.81

8 + X  14
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The take and drop operators can be used in conjunction

with the catenate operator to edi t data vectors . The examples

below illustrate some ways this can be done .

Let

x ÷ 1  2 3 4 5 6 7 8 9 10.

Create a new vector Y consisting of the f i r s t  four elements

of X followed by the elements 11 12 and then the last

three elements of X; i .e. Y = 1 2 3 4 11 12 8 9 10.

y -~~ (4 t X ) ,  11 12 , (~~3 + X) (
~~~~)

or Y ÷ (4 + X ) ,  11 12 , ( 7 + x)

Let W ÷ 0 1 2 ~ 3 4 5. Create a new vector Y con-

sisting of the f i rs t  ei ght elements of X, followed by the number

25 , followed by the middle four elements of W.

Y ÷ (8 t X ) ,  25 , ( 1 + (5 + w ) )

A few comments about the above operation are in order. APL

always operates from ri ght to left  except when parentheses are

used to ove rride the standard order of operation. Thus , (5 + W)

is the f i r s t  operation executed. This results in the vector

0 l 2 ~3 ~4 .  The next operation is ( 1 + 0  l 2 ~3 ~4 )

which gives 1 2 3 ~4 .  This is catenated to 25 yielding

25 ~1 2 3 ~4 which is then catenated to (8 + X) giving

1 2 3 4 5 6 7 8 25 1 2 ~ 3 ~4.

15
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In data analysis one often wants to compare d i f ferent

groups of data or to relate one group to another group . Many

of the functions in OA 3660 require the data arrays be matrices

whose columns represent the di f f e rent groups and whose rows

represent the various observations for each group. Let us see

how a data matrix can be created. Suppose for example that  one

wants to create the matrix :

1 2

A =
— 5 6

7 8

The easiest way to create A is to create a vector consisting

of the eight elements and then reshape the vector into the

desired 4 x 2 array . The reshape operator p can be used to

reshape a vector into any specified size. The matrix A is

created by the operation :

A 4- (4,2)p 1 2 3 4 5 6 7 8

The general syntax for the reshape operation is A (N,M)pB

where B is a vector , or scalar , M is the n umber of columns of

the array A , and N is the number of rows of A. The first M

elements of B will be used for row 1, the second M for row 2 ,

etc . If there are less than M •N elements of B , the elements

will be repeated from the beg inning as many as are needed. If

16
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B contains more than M .N elements, only the f i rs t  M •N will

• . be used. Try a few examples to see what reshape does.

Remember that the reshape operator fills up matrices

row by row . Suppose that the user entered the data into the

vector by columns; e .g .  B -~- 1 3 5 7 2 4 6 8. How can the

4 x 2 matrix A be generated? (4 , 2 ) p B  will not work since

that would give

1 3
5 7

2 4
6 8

Howeve r , if one requested (2 , 4 ) p B  one would obtain

fi 3 5 7

2 4 6 8

What we need now is to transpose this to obtain A. The transpose
*

operator is ~ (upper shift 0 overstruck with upper shift / ).

This sequence of operations can be combined as follows :

A i- ~ (2 ,4 ) p B

The operator p is also useful for determining the

dimension or shape of an arbitrary variable . When used for

this purpose it is called the shape operator . The syntax is

~DZ

*Type sh i f t  0 (oh) , backspace , and type upper sh i f t  I.

17
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Table 2.1 illustrates the results of the shape operator when

applied to selected variables. The first entry is the scalar 3.

APL considers all scai~ rs to have no dimension (not dimension 0).

Thus , p Z  is the empty vector. In the next to last case , the

variable Z is de fined to be iO (iota 0 ) .  (This represents

a secon d use of the index operator i where the operator has

onl y a right argument. If K is any nonnegative integer , ~K

is the vector consisting of the f i r s t  K positive integers .

For example , t3 would be the vector 1 2 3 . )  The use of

the index operator in Table 2.1 is a rather special one. APL

interprets ~0 as a vector with 0 elements, hence the result

0 for pZ. This probably is puzzling to the reader, but it is

really quite handy. The reader should simply commit to memory

the facts that scalars have no dimension and the empty vector

has dimension 0. In the last entry of Table 2.1, Z is defined

as the 1 x 3 array consisting of 1 2 3. This array appears

to be identical to the vector Y ÷ 1 2 3, but APL makes a

distinction between the two.

VARIABLE pZ

Z ÷ 3  —

Z ÷ 2  3 ~

Z ÷ (2 ,2)p 1 2 3 4 2 2

Z~~~ i0 0

Z ÷ (l,3 )p  2 3 5 1 3

Table 2.1: THE SHAPE OPERATOR

18
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The last APL operators discussed in this section ~re

the grade up and •ade down functions. These two functions,

denoted ~ and give the indices of the elements in a

vector in order of magnitude : ascending order for grade up

and descending order for grade down. This is very useful for

data analysis since much of our work requires us to sort the

data . These operations accomplish this easily. Here are some

examples :

A ÷ 9  12 6 4 2 3 7 5 11

8 5 6 4 3 7 1 9 2

~7A

2 9 1 7 3 4 6 5 8

In the grade up of A the first element, 8, says that the

eighth value of A should be taken first; the second element,

5, says that the fifth element of A should be taken next,

etc. ,  to sort A in increasing order. Similarly for grade down

to sort in decreasing order. The sorted arrays can be written

as follows:

5 2 3 4  6 7 9 11 12

A [~ A]

12 11 9 7 6 4 3 2 ~5

These symbols are upper shift H and G, respectively, over-
struck with upper sh i f t  M.
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We have only scratched the surface of APL features

useful for generating, modifying and storing data. The collection

of operations discussed here will , nevertheless , enable a user

to do most of the things that he requires to generate, correct,

modify and store data. In the next section we discuss arithmetic

operations in APL so that the user can perform calculations and

transform data arrays .

C. Arithmetic Operations

In this section we discuss some of the basic arithmetic

— operations . We restrict attention to those operations most fre-

quently used in data analysis .

The symbols used for the basic operations of adding, sub-

tracting, mult iplying,  and dividing are the standard ones used
*

in mathematics : (+, - , x , - ) .  However , in APL these operations

are more powerful than their equivalents in most programming

languages since the operations can be applied to entire vectors

or matrices. When used with vectors or arrays, the operations

are applied componentwise . This requires that the vectors or arrays

have the same size . An exception is made for the case where one

of the arguments is a scalar. When this happens APL adds ,

*
The subtraction sign is upper shift + . Do not confuse this
with the negative sign which is upper shift 2.
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subtracts, multiplies or divides the scalar to each element of

the vector or array. Of course, the operation can be applied

to two or more scalars as with any other programming language .

The examples below illustrate the basic operations :

A ÷ 3  5 7 8

B ÷ 1  2 1 2

A + B

2 3 8 10
-

~~~~~~~~~~ A - B e

4 7 6 6

A X B

~ 3 l0 7 16

A~~~B

~3 2 .5 7 4

2 x A

6 10 14 16

3 + B

2 1 4 5

C ÷ (2 , 2 ) p A

3 5

7 8
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D ÷ (2,2)pB

D~~~~~~

1 2

1 2

C + B

2 3

8 10

C~~~ 2

1.5 2 .5

3.5 4.0

27 

3 x 4 + 5

12 3 x 2

2

The last two examples are included to re —emphasize the

right-to-left order of operations in APL . Thus , 5 is adde d to

4 to give 9 which is then multiplied by 3 to yield 27. Similarly,

in the last case, 2 is multiplied by 3 to give 6 which is then

divided into 12 to yield 2. Unlike some other languages there

is no hierarchy of operations other than right to left. Of

course , parentheses may be used as in algebra to change the

priori ty of operation .

(3 x 4) + 5

:~~~ 

(12 : 3) x 2  

22
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In addition to the four basic operations , data analysis

frequently requires power , log, reciprocal , and exponential

transformations . As with the four basic operations these can

be applied to scalars, vectors, or matrices.

Table 2.2 presents the syntax for these operations .

Transformation Syntax

X * a

2.n X  I

l/x

eX

Table 2 . 2. SYNTAX FOR DATA TRANSFORMATIONS

He re we give examples of these transformations:

X ÷ l  2 3 4 5

X * 0 . 5

1 1.41421 1.73205 2 2.23607

X * 2 ~~~~~~ -:

1 4 9 16 25

X * 3

1 0.125 0 .037037  0.015625 0 . 0 0 8

1 The symbol for the logarithm is the uppe r s h i f t  0 (oh) over-
struck with the asterisk ( upper s h i f t  P ) .
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0 0.693147 1.098612 1.386294 1.609438

1 0.5 0.333333 0.25 0.2

x * ~~~~3
1 0.793701 0.693361 0 .629961  0 . 5 8 4 8 0 4

(Recall that APL operates from right to left so that the operator

above raises each element in X to the —1/3 power.)

2.71828 7 .389056  20 .085537  54.598150 148.413159

The logarithm of a number N to an arbitrary base B can be

determined by typing B ~ N; e.g.,

10 ~ 1000

3

Three other useful arithmetic operations for scalars ,

vectors , and matrices are the ceiling 1, floor 1, and

absolute value I. All of these can be used with a single right

hand argument or with both left and right arguments.

The examples below illustrate the use of these operators:

Monadic (one argument)

1 2 . 7 5  6 0 . 0 8  T h . 6

3 6 1 3 (Give s smallest integer > a rgument .)

12 .75  6 0 . 0 8  3.6

2 6 0 4 (Gives largest integer < argument.)

J 2 . 7 5  6 0 . 0 8  3.6

2 . 7 5  6 0 . 0 8  3. 6 (Give s absolute value of each element.
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Dyadic (two arguments)

• . 3 5 1 2 8

3 8 (Gives the maximum of each component.)

3 5 I. 2 8

2 5 (Give s the minimum of each component.)

3 I 7 6 8 2
*

1 0 2 1 (Gives the remainder after dividing each element by 3.)

Clearly, the floor and ceiling operators are useful for

rounding values. One can select any number of significant digits.

If one wants to round values to the nearest integer, one should

type L0.5 + N. If, say,  four significant digits are wanted ,

one could type ([.5 + N x lE4) ÷ lE4. The examples below

illustrate the use of I for rounding:

N ÷ 0 .0835 126 12.51877623 1.33333333 5.25

L . 5 + N

0 13 1 5

([.5 + N x lE4)  lE4

0.0835 12.5188 1.3333 5.2500

Another operator, the reduction operator /, allows

the operations discussed above to be applied to all the elements

of a vector or to the rows or columns of a matrix . The syntax is

All remainders of KIN are expressed as positive integers in
the set 0, tK— 1. If a remainder is negative , K is added to
it.
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f/A where f can be any of the arithme tic operations discussed

above and A is a vector or a matrix.  The resul t of this oper-

ation when applied to a vector A of size n is the scalar

A ( l ]  fA [2]f  fA[ n ] .  When applied to a matri x M having r

rows and c column s , the result is the vector B of dimension r

where B f i J  = A [i ; l ]  f A( i ; 2 ]  f f A[i ; c]  for i = 1, 2 , . . .  , r

(column reduction). The matrix N can be reduced over its

rows by typing f/[1]M. The examples below illustrate the reduction

operation :

+/ 1  3 7 4

15 (the sum of all the elements)

x/]. 3 7 4

84 (the product of all the elements)

1/1 3 7 4

7 ( the largest element)

M ÷  (3 , 2 ) p , 3  1 2 6 5 4

M

3 1

2 6

5 4

-/M

— 2 4 1 (d i f fe rences of elements in rows 1, 2 , and 3)

L/M

1 2 4 (minimum values in rows 1, 2 , and 3)

- - -- 
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10 1 (sums of elements in columns 1 and 2)

1/ [l ] M

5 6 (maximum va lues in columns 1 and 2)

Finally, we describe the inner product operation and

the matrix inverse. The inner product , like the reduction

operation can be applied with any general APL operators . The

syntax is Af .gB , where A and B are vectors or matrices

(which must sa t is fy  certain size restrictions) and f and g

are any general APL operators . For vector arguments, A and B

must be the same size , say n, and the result is given by

f/AE1JgB [l] A[2 1gBE2J . . .  AEn ]gB[n]. For matrix arguments

the number of columns of A must be the same as the number of

k rows of B. The result is a matrix of size n x m where

PA = (n,k) and p B = (k,m). The (i,j)th element of the result

is f/A[i;l]gB[l;j] A[i;2]gB[2;j] ... A[i;k]gB [k;j]. The

reade r should recognize the operation above as matr ix  multi-

plication when f is + and g is x~ The examples below

i l lustrate the inner product.

X ÷ l  4 3 2

Y ÷ 2  3 1 2

x + . x Y

21 ( ( 1  x 2) + (4 x 3) + (3 x 1) + (2  x 2 ) )

X x . + Y

336 ( ( 1  + 2) x (4 + 3) x ( 3  + 1) x (2  + 2 ) )
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A + 3  2 P i 6

A

1 2

3 4

5 6

B ÷ 2  3 p 3  5 2 3 1 1

B

3 5 2

3 1 1

A+ . xB

7 7 4 (the matrix product of A and B)

21 19 10

33 31 16

The domino operator ~ ( type 0, backspace , ~) is used to

solve for the matrix inverse of a nonsingular square matrix.

The inverse of a nonsingular square matrix C is found by

typing ~C. For example,

C ÷ 2  2 p 1 1 0 2

C + . X
~~~

C

1 0

0 1
28
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D. Workspace Management

In the previous section s we have seen how data are input

and variables are transformed. In this section we describe how

the user manages his APL workspace so that he can save data for

use from one session to the next; he can load public library

workspaces; and he can use functions available in the public

library workspaces. For information about writing functions the

user should see references [2,3,4].

When a user types APL he is put into a clear APL work -

space. In this clear workspace data can be created and any of

the operations described in the earlier chapters can be performed.

If the user wishes to maintain the data or results for future

use he must save the workspace . This is done by typing

)SAVE WSNAME

where WSNAME is an arbitrary name (first letter alphabetic ,

eleven characters or less) that the user selects for the workspace .

This private workspace can subsequently be loaded into the user t s

active workspace by typing

)LOAD WSNAME

This causes the active workspace to be cleared and a copy of

the named workspace to be written into the active workspace.

Alternatively, if the user does not want to clear out the contents

of the ac tive workspace to bring in the named workspace , he can

type

29
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) COPY WSNAME

This will simply augment the existing contents of the active

workspace with the contents of workspace WSNAI4E. However, if

an existing variable or function in the active workspace has the

same name as a function or variable in workspace WSNAME the

latter will replace the former.

Any modifications, additions, deletions, corrections ,

etc. that the user makes to a copy of a workspace will affect

the active workspace, but will not affect the ‘pe~rmanent copy of

the workspace maintained on his private files unless the user

saves the so modified active workspace . This can be accomplished

by typing )SAVE WSNAME (or simply )SAVE if workspace WSNAME

were LOADed) .

The user can determine the name of the active workspace

at any time by typing )WSID (for Workspace IDentification) .

Similarly , he can change the name of the active workspace by —

typing )WSID NEWNANE. A list of all the user’s private APL

workspaces is obtained by typing )LIB. Entire workspaces can

be permanently destroyed by typing )DROP WSNAME . (Be careful

with this one !)

Within an active workspace , a user can obtain a list of

all of the functions contained in the workspace by typing )FNS.

The functions will be lis ted alphabetically so that all functions

from those beginning with a certain letter, LETTER, onward can

be obtained by typing )FNS LETI’ER. Similarly, a list of

30
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variables in the workspace can be obtained by typing )VARS or

)VARS LETTER. Typeout can be terminated at any point by

hitting the BRE AK or the ATTN key. Variables and/or functions

can be deleted from the active workspace by typing )ERASE LIST

where LIST is a single function or variable or a J ist of functions

and variables to be deleted. Names in the list should be

separated by one or more blanks. Two other system commands

allow the user some control over his APL environment. These

commands control the number of digits printed out and the width

of a typed line . They are )DIGITS N and )WIDTH N, where N

is the number of digits to be printed or the desired line width ,

respectively.

In addition to his own private APL workspaces, the user

also has access to all of the APL public libraries available

at NPS. These libraries have numbers between 1 and 999 and are

intended to hold workspaces of general interest. See (1] for

a list of the public library numbers. The contents of a public

library can be displayed using the )LIB command followed by

the library number. For example,

31
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)LIB 1

A—DISK R/0

IOFNS 17.25 7/09

PLOTFORM 17.25 7/09

NEWS 15.54 8/27

WSFNS 17.25 7/09

TEXTEDIT 17.26 7/09

FORMAT 17.26 7/09

CATALOG 15.17 7/14

MAILBOX 12.50 7/14

MULTIPLO 14.06 7/18

FILEFNS 17.18 8/14

The list contains the workspace name and the time and date that

it was last modified.

A copy of a public library workspace can be put into the

user ’s active workspace by typing )LOAD n WSNAME or

COPY n WSNAME where n is the library number and WSNAME the

workspace name . (Recall the differences in LOAD and COPY ; LOAD

will first clear the contents of the active workspace.) Selected

funct ions  and var iables  from a workspace (e i t he r  public or

private ) can be cop ied by typing

)COPY n WSNAME OBJECT
or

)COPY n WSNAME GROUP

32
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where OBJECT is a single variable or function that the user wants

to copy into his active workspace and GROUP is a group of variables

and/or functions that has previously been defined for WSNAME.
When a public library workspace is brought into the

user ’s active wor~space, documentation can usually be obtained

by typing the word DESCRIBE. It is somewhat standard procedure

to document public library workspaces with a DESCRIBE variable

giving general information and with each function in the work-

space being documented bya “HOW” variable . Type the name of

the function followed by HOW with no intervening spaces. For

example, documentation for the function STEMLEAF in public H

library 2 0A3660 is obtained by typing STEMLEAPHOW. “HOW”

variables generally describe the function syntax, parameters,

input/output requirements, etc. Of course, the user can determine

if a workspace contains this sort of internal documentation

by typing ) VARS .

When the user has completed his work session he can logout

by typing )OFF. If he wants to get out of APL but not logout,

he should type )OFF CMS. Then , he should switch back to the

standard keyboard.

I

*
The group structure for the 0A3660 workspace is discussed in
Chapter III.
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E. Error Recove ry

This section describes recovery procedures that the user

can employ if he receives error messages during execution

of functions contained in a workspace . Usually, error messages

received when functions in public library workspaces are executed

are the result of improper syntax or problems with the shapes

of the arguments. As soon as an error is detected , execution

of the function is suspended , the number of the line containing

the error is typed, a caret is inserted at the position in the

line that the error occurred, and an explanatory error message

is printed out. When the function is suspended the values of

all variables determined up to the point of suspension can be

obtained by simply typing the variable name. All of this makes

error discovery and correction quite simple. From the point of

suspension the user can branch to any line of the function by

typing + n, where n is the desired line number. If n is

omitted a branch is made outside of the function. Many types of

calculations can be performed while a function is suspended ,

including the execution of other functions. However , the function

will remain suspended until a branch is made as described above.

Suspended functions tend to clutter up the user ’s workspace so

that suspended functions should not be left pending. A list

of all suspended functions can be displayed at any time by

typing )SI (state indicator) . If several functions are listed

as being suspended, the user should type as many branch arrows

( -‘-) , one per line, as there are asterisks displayed in the list.
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Since the functions contained in the public library

workspaces have been tested extensively, most of the errors

that are encountered result from improper function syntax or the

use of arguments that are not conformable or of improper size .

The documentation contained in the next chapter shows the proper

syntax for each function, and gives the requirements placed on

the arguments.
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I I I .  THE 0A3660 WORKSPACE

This chapter provides documentation for the public

• library workspace , 2 0A3660. General workspace documentation

is contained in the DESCRIBE variable and in the lists of

functions , variables, and groups. Short writeups are given

for each function in the workspace via “ HOW” variables, and

examples of the use of each function are provided. Data are

contained in the workspace to provide easy i l lustrat ion of the

funct ions .  The data are described in the DATANA P variable.

Final ly,  the actual APL programs are displayed.

A. General Documentation

The 0A3660 APL workspace is contained in public l ibrary  2.

The re fore , the user must type ) LOAD 2 0A3660 or ) COPY 2 0A3660

to create a copy of the 0A3660 workspace in his active workspace

area. The func t ions  and variables contained in 0A3660 are

displayed by typing ) FNS and ) VARS as shown below .

)~ ‘ vS
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There is also a variable named DATAMAP which describes the

data contained in OA3660 and provides a reference to the data source.

This is shown below.
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Finally, notice that there are “HOW” variables for most

of the functions contained in the workspace . (The only functions with-

out “HOW” variables are ut i l i ty  functions which are used by other

fun ctions , but which are transparent to the user .) These variables

provide documentation on the use of the functions . For example ,

documentation on the function SCAT is obtained by typing

SCATHOW.

S C A T V I  OW
S Y . f T A X :  SCAT A u RAl
P A RA t 4 E Tf r ’.RS :

( 1)  WITh. C O N T R O L S  Tu b, H O R I Z O N T A L  S I Z E  OF TH E  O I S P L . A Y
( & E ? A U L T ~~3 3  C H A R A C T E R S ) .
(2) D b J P -  C ON T h O L S  TH E  V E R T IC A L  S I Z E  OF Tti b; D I S P L A Y
(DE’FAULJ’~~15 L I N E S) .
(3) N D I V X , iiDrVY - NL/ I4BER OF U; - I I T S  OV X -  A : / D  Y- A X h S ,
RESPECTIV ELY (DEFA ULT~ 4,4).

GROUP: RELATIO NS , 5:400Th , COMPARISONS
DESCRIPTION: SCAT PROD ’JCES A SCATTER PLOY’ OF ThE DATA COtt ’TAIi)~~/)
IN ARRAY . T~j E  A R G UM E N T  A R R A Y  C A N  85 A VE C T O R  OR A M A T R I X  WIT H AS
.“4A~’Y AS 9 C O L U M N S .  IP A V E CTOR OP S I Z E  N ,  TH O S E  V A L/ J E S  ilhi~
P L O T T E D  V S .  T H E  I N T E G E R S  1 TO N ;  I F  A I 4 A T R I X , T H E  S E C O N D , T - i I k D,
L. TC . C O L U M N S  A R E  P L O T T E U  V S .  C O L U M N  1 ON T H E  S A ’ 2E’ A X f ~S.
D I V I S I O N S  ON T H E  A X E S  OP T H E ’  PLOT A R E  N O T  E X P L I C I T L Y  ~R i ’VTt -O ,
E X C E P T  AT T H E  ~.X T R E P 4 E S  OF Til E P L O T .  T H E  U S E R  C A N  C O N T R O L I f / h.
R E S O L U T I O N  OF’ Th E’ PLOT El M O D I F Y I N G  TH E ’  P A R A M E T E R S  WI D , O~~? ,
‘ VD I V X  A N D  N D I V Y .  P R I N T IN G  T IM E  I N C R E A S E S  D R A / I A T I C A L L Y  - V I P - i
R E S O L U T I O N ; TH E R E F O R E ’ , O T H E R  PLOT P R O G R A M S  S H O U L D  BE / J S E ’D I F  ‘1155
R E S O L U T I O N  I S  D E S I R E D .  F OR A S I N G L E  GROU P OF D A T A , TH ~ ~VU ’.!bE’ .S ~
(2�tf� 9) W IL L  E s  P R I / I TE D  I F  N P O I N T S  LIE ’ C L O SE  ‘I O G E TI I bJ R 0/V Thi S
D I S P L A Y .  F O R  M U L T I P L E  PLOTS ON T H E  5, 4/ -f E D I S P L A Y , T H E  L E T T E R  A
R E P R E S E N T S  G R O U P  1, 8 R E P R E S E N T S  G R O U P  2, E TC . FOR 2 P OI , ’Q T’ S
C L O S E  TO G E T. ~i E ’R  TH E  L E T T E R  WI L L  BE’  P R I N T E D  W I T H  A U U N O E R S C O R ~..
TI E  D I S P L A Y  C A / / N O T  H A N D L E  3 OR t ’~OR E  P O TA / T S  C L O S E  TO G & T.~1&’R I F
TII E’ kS A R E  M U L T I P L E  P L O T S .

The format of SCATHOW is followed for every function. The

function syntax , the user controlled parameters, the group (or

groups ) containing the funct ions , the subroutines used by the
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function , and a brief description of the use of the funct ion

are displayed.

The functions and variables are grouped into APL groups

for ease of handling and to conserve space . The group structure

is described below.

C’C ; PA ~~I SO- i S D A T A  vJ SPLA Y DOC ESSt v I T A L S  S h J i
:~ st A f r o / S  S: iU O T.~ S T A T S  j 5 i O W  A Y

) C R P  C O C P A~~I S O N S
C O V D E N S E  C O N D E 1 V S b J H O W  N U M  ‘. iI SS  UTC O i i D b’~;’T .1 Al
SCA TrzOW LINE LI1VEt ~OW ‘vD IVX IDI V Y ‘i/ID D~~P u~~ -:
COSPAkE CO~’.iPAREoO.V FILL vU t ~SuJ~-J iV U S t ’ U - ~iH O-i/ I ’l .’ / ‘ ~T’i 1, - I
A:ii,):lO”/ LSLI/V S LSL I-VEHOW

) G R P  D A T A
AS1~S C r / I - C / < I / T 5  C O A L  C U : 1 5 U : 4 P T J Q i)  C u !  ; : S  u:I iC ’: , - ,
DISCOVERI ES DRAPE ’Rx DRAPERY SsAD SS1 G K A D E S 2  - 1 YD ! u O P L A - ~-?.5
JThSECTS LAL IDA REAS MORTALITY ERt:CI PTTA TIO’, 1~~~55~~~r ,’]
Riv’~~hS TE S T X  TESTY JSPOP : VA R P h R ~. A, ’tS VO L C A i ~

)~~/;, p  u I [ Pj ~A Y
-
~~ ~. ‘~i, .”.A1 ” .-1’ t’~;Lt . i !  ‘~Cv uIU~ fu / 5 - . 4 t r

LS.~~ Tft b I L L  ;~U- -~l-~ ;~~~~L’’- i:’:,:i~~ ~
‘
~~~~ ‘

CE

) G k P  DOC
A - ~-L ’ ilO W A I VO V A t i O ,’/ ,13k.~’U-V A3k5i?Du.v
CH I S~~1 J A R E u / O W  CODE t’u’/ i) S/! Ow ’ C O s P A R t  - ; - ‘7~ (‘/) ~DE
C O . I T I N ( j E ’ v C Yt I O , V  C O , #’~R t , LA T J O ’ i , ! O ’ ,I D A T A / l Ap  &~~~5 C E J L I ,~, , ‘,~~~

L I  i E u ~ ,i.v ’ LS&JNEui ct~ , ‘-:~, D P O t J S H t i o W  ‘.~] 5 e’AT ~~Ui/ ~~J _ -45 I ~~
‘i -i~ ~ U - i ” . 3;j j .v A Rj ’ J .4 /~-j QW H 5 ) k b . . ’~ , i J N  S C A ’T ’! i ) v’ 5 t h  ~.s’u u v

S TA T T S TI ] ’ S I I O I  ST~~.L. -, A f r  ‘xJi / I v J C . t ~Ov
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SPLIT O- ~~
- 3 ON~ ti A 3,~ A355h r~’ICE SCAC S~-~L T’4 .~~~

‘)  /
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) G R P  T.V O WAY
iiEDPOLISH ,4EDPOLISHu1 O~i 

£14/b, LI NE H Ov £SLIHE LSLI lV z , u~’ h i/

R E S I D S  E P S I L O i ~’ I U r r -~E P F E C TS  S , j - ’J-% / R E S  C O D E / I E S  k5~~L ’.CT S H 5 - / h 1 ~~~i. .
C O D E h ~~S,’1OW A i . D A N D H O v /  C O ’1 T I ~~J E ’ V C Y  C O - ’I T I , ~- L r ~ ~TY i ’

- 4 ‘.‘LV 4
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The user can conserve space in his active work area by

selectively loading or copying only the required functions or

groups. We have attempted to anticipate the type of analyses

that the user will attempt, and the group structure has been

selected with the objective to combine functions and parameters

which naturally go hand-in-hand. A specific group can be

selected by typing

) COPY 2 0A36 60 GROUPNAME

where GROUPNAME is any one of the groups listed above. Two of

the groups , ESSENTIALS and DOC, are especially useful. The

E S S E N T I A L S  group contains all of the functions and defaul t

values of all of the required parameters . Documentation and

data are not included. The DOC group contains all of the

documentation (DESCRIBE , DATAMA P I and “ HOW” variables).

The use r may want to load the entire 0A3660 workspace, check

on some of the documentation , and then erase the group DOC

to make room for user generated data and other functions or

variables . The DOC group can be erased by typing )ERASE DOC.

Similarly,  any group can be erased by typing )ERASE GflOUPNAME.
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The following sections give brief descriptions (the

writeups contained in the “HOW” variables) and examples of the

functions contained in the OA3660 library . Each function descrip-

tion gives the syntax,  a list of the parameters , a list of the

groups which contain the function , a list of subroutines (other

functions) used by the function , and a narrative about the use

of the function. The narrative tells what the function does,

describes any restrictions on the function arguments , and -

indicates how the function parameters a f f ec t  the output . The

order of presentation of the functions follows what appears to

me to be a natural sequence of exposure to tools of data

analysis .

The HOW variables are listed alphabetically in Appendix A ,

and the APL program listings are given in Appendix B. 
- 

-
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B. Function Descriptions and Examples
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p ,./
~ , C ,’t , i  Ur’.t, Zr ,  Tu~ LlC X i~’t.C I .1. Ci-. I TOut .i,’ IT- ,’ 4..1

P (‘uJIi/ S.T w i j  L.J ’ J L p h

Lii’ ,v&~ :I*’33

b C A P L C I  V0L.. C , i uC
239

x x x x l  * I x x x x x  .-C3O~ **I I 3.

L4 t’ v _ u - I  i~~’ i  3
u0A1 t-I .. ~‘OL C . 4 , , C

139

x x x x x x x x x x x l  * I ~~x x x x x ~~~x x x x x x x  *
I ‘1 5.
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SY~~2 ’AA , II L I I J S L I ,d VE O T Ch  OR ~Ui h i5.  L~ A ñ b i A Y
u~A iLA~~h TEE

..ifS5~ 5 -I L”ibt S L’Et.ii 10 IiIDI CACt , LiEEIi~G VA t/ Tb. 1.. 2.::’ L i e T i i

A r t t A Y  ~~~~~~~~~~~~~ 99999).
UiiCUi~: CO,,

~PAiu,ISOj~5
b c-if

• vL ’ .dSUI-i OPi ’.hA TPS 01w E ITH ER A V,~’.CT0R Ct~ A .  nt -~~ ‘if ‘A .,
1.4 ALL A EbE , L t I L DATA AF.i’. ChEATE D Af A / ‘ I S J L r .  b~~~~0L .

b’4”.CDL’CP[ A ~L’:-i A- / ’&ICAL /‘U: ’-2 1-j , 4RY i l l iCi t’ G I V E S  TI l E  S A I J P L F .  E I T A -  ( e ~L’~~~’..-

LI/ ’, L E I C.v CF u 2 I E E I ; ~G VALL ’ES ) , Cr/ P PI~ n Cli E , 2/IA - ’ E X !’. -~,b. E , u ” .

/tPk t.A LS, /1,vD fil E -iIDPOI 1ITS 1,1 “A thL’LAE’ F 0 R ~c . T I / I S  EL ’ ... iAnd I/’
L’EA - tTLi EOh Tt,,ST Ii ’i G Ct/ P SY: ic y iRT j : Y OF A t.AY A SET , A N D  TO E V AL : A I t
2,4 / ’,’ r l c ’ bA - C 1’Iv ’A - : i E S S  OF DA TA 2ir A i~SFOR 1u -uA TIOLwS IN Pi4CLiL1Ci,~5 EY’ -..~~’ I Al.

vL ’ .’i T’d- -.. VCL CAiv O

iw L ’!-..t i~ICAL / “ U.-.. -iht d
1 r r

~

’ n~~~~~~~~’w . ,~~~ r ’ — n

“. ,i44A” LE ~I~~E = 219
-- _ - t_ , ,_ a  , _ _ —_  

L O Q / 8 /  11,4 .-~r:D IAi ~ UP~~/ 8 / . ’iA X
6 .5 . 30  I I 65.33 I I I
6 6 . 5 3  I 37.03 I ~~~~~~ I
72.53 1 2~~.C3 I C 121.C- T I

133.53 I ~~~~ I I 1 - 3 9 . 3 0  ~~ 7. T 
_ 

~ Cii i-. EI’A l-:Lr. A F , I” iE b CAP L 4 C Y , A, .’Li  Cri b :v L ’ ‘~/ A - I C ,4L [‘I ,~~
4.. 

~
‘

p SL’ cr ShT ’ Y Th AT ’ ‘C /iP VO LCA NO LiiSI’I~I b ’ U T I C v IS P O E I ’T i V, L i ’
p / “i~b,’~/ t, i.’. TiiI A LCV C E A N P F ’I tt .’i T I  S t i -  It ’ T . i A C  / I L L  ~~~~
p ‘

~ d i-. L I I C T h I b L 1 T I .i , -..Or. r, -, ,“ ,4 I u L Y  SY~~,’L~’. ’ C h I C .

I I:’....SU’.-.. • ‘/CL CA~ C

lv L”iu r’ ruI CAL EL ’ -j : i A k Y

EA. -~r t . r .  SILt, 

LC~~/ 6 j  l v  :,‘~~ D .(h,l U/— ,., / 8 / ’ ./- i A . -. - ‘ T~~
4.17 C I 4.17 I
4.09 I ‘1.6 1 I I ~ . 5 6  I c’ .’i S  I
J .99  I 3 .1u3 I L .80  I . ‘i~i

~ . Y 9  I 0.69 1 I 5 . 2 3  I
r “‘Y ’ 

, _ _ I____ . .
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~ THERE IS NOW A DECREASING TREND IN THE i’.’JIDPTS COL(”.j!~.p THAT SUGGESTS THAT THE LOG IS TOO EXTREME A TRANSFOkI.~ATI O-’v.

~ TRY SQUARE ROOT .

NL’/4SUM VOLCANO * .5

N U M E R I C A L  S U M M A R Y  

S A M P LE  S I Z E  219
V ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~ —~ 1fl ~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~ ‘ Y ’  ‘ ~~~~~‘ , ‘ ~~~~~~r’ — —

MIDPTS LOQ1 8IIvJIN M EDIAN L ’PQ/8/~:AX SPi~EA DE
8.06 I 1 8.06 I I
7 .9k 1 6.08 I I 9.83 I 3 .72
7.95 I 4.90 1 I 11.30 I 6.10
7.76 I 1.41 C I 14.11 1 12.69

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ T H A T  L O OKS A LOT B E T T E R .  LET L ’S O B T A I N  T H E  b OX P L C T
R A N D  S T E / vI L E A F  PLOT OF T H E  S Q U A R E  ROOT T RAN S F O R : ~iED L A C . 4 .

BOXPLOT VOLCANO * . 5
1.4

14.1

o o x * x x x x x ~~ x x x x x x x ~~ x x (  * ~ x x x x x x x x x x x x x ~~ x x x x  CCC

I I 2

LENG TH+ 50

BOXPLOT VOLCANO * .5
1.4 14.1

o o x x x x x x x x x x x x x l  * I x x x * x x x x x x x x x  00

I I 3

~ T HE  B OX P L O T  LOOKS A LOT M O R E  S Y M ME T R I C . N O W F OR T rE-
~ STEMLEAF PLOT t

48
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E2b..L: A~” V I L C t~: . I * . 5
32 I
3 2 !  ~~~L~~ 4 4 i,

03 I 30~- L’ 236
041001445 5 ,~~,7 7 7 ’j 3 ’ :
05 I30 j 112z3 ’;Lv 4L+5L ~C’778839-J9
C u l l 0 0 3 1 2~~ - 445656~~~~~~30-A - 0
0 ‘ 7 1 3003011 1 1 2 z 2 ‘133445 ‘ ~ ~

- ~ ‘ 1 1 7 7  3 c
.38 1 0 D1 i1~~ii ~~~~~~~ 4~~~4~~~~~~~~~~

’/ 7~~~~~c,, j

O 9 I -01 1 1 ,i I I I ‘14 5 5 5 5 A 1, 7 ‘777 ~ A S
1 3 I 0 1 0 1 1 1 z 34 ~ 5 5 5 t , A, ‘7 8 9
lii 0 u O 1 1 1 2 l ~~5 A 7 7 ~3 i ~
i~~l 5 5 5 7 8
13 1  1~~6 8 9 9

49

-

~

. - - ~~~~~~--~~~~~~~~~~ -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘

~~~

) G R E  CO,t’.~P A R I S O J j 5
C O N D E N S E  C O I VD E N E E H O W  ‘.j/ ’ ’.~’ J 5 S  UTC 0 ~~b ~‘..JE C A T I i O W  L I / w E L I N R I I C , /  ~‘v L ’I V X  - 1 D I VY  W I L  i,P ~~ LEt - I’ :. , , ; / :/ -
CC,. JPA/ ’i E CO1~P A J I P 1 L C W  F I L L  i..V1 ’iEL ’ ’-) !w L1 ‘

~
T’L’ I ’itIC’I SEA- L i -  C T  u - I  - LI

A u D I / O W  LSL11I E  15L111 ’E/I O W

A N D / / O W
SY ’4:IAX ~ X A D D Y
G i t O L ’Pf :  R E L A T I O N S , T W O WA Y  •
ii t,’S C h IP TI O I v z T I / P  P L ’(I C ? I O - ’4 t A / / L i T I S  U SE D  TO C R / v A T .” A .A, /  L~~T ’~
ARRAY CC ,,SISCII4 I OF X A US : . i t .’N CE D  BY I AS A u~DITI I  vA L-  C-ILL ’
A~.D I C h iw Bi? S CA L A R S , VECTORS , 0/i ‘.I A TR I C E S  b UT CA:i ’v- ’T L-I T~ - ‘
SC A L A R S . I F  Au AIu GL ’ ’. i F 7 v C  IS A E C A L A R , A CCLL ’ .-’15 IF G E O A - h A A - t  F~~~~” i

r L - P , ’.i A - 4’w’T OF v /j i b e1 I S  TI / P F CA L,’lR.  IF TIl E Ar.~ L’’- ./1- 2[ ~~~ A - C C - I F .’

L A T t 1I C E P , Cl/El [..L’ST ii i’. C O i I F O I T I , A b L P .

~ T H E  PL ’ v C T I C i v  1 A I / D t  I S  L ’Fh ’PL ’L F - I h L i A J ” A t i C / i l  /1- /LI / / 1 - . C t i ’ L - l -
~ TION .

X -~-3 4 5
~~~* -j  13 1~
X A N T I  I

3 9
14 13
5 12

Z1- ’1 2Q~~GX A iw L) Z
3 1 2
14 3 4
5 5 6

50 A N L-’ Z
53  1 2
53  3 14
53 5 6

50 A i D  X
5 0  3
5 3  14

50 5

P EtC/vET WhE ,t C/v P AR GL ’ :’.. F ’ ,’iT I S  A S C A L A / i . C/I F A / i G U . -.r .TE -
5- :-

~ A N D  ,iL ’ST bE C C ! w F O k ’~A bL E  IN S I Z E .

~‘~~4 6 8 :3
X A/I D N

OF’ A/I D AR t, tOT C0/~F ChLAbL b’.
N A u / i  Z

A R t V i E u 7 F  CF Au V A I r E  ‘v O l  CCid b .Oir ~. .A tc L b .
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COMPARE /I OW
SYNTAX I COMPARE MATRIX
PARA frJE TERS t

(1) - DEPT1t’~ VERTICAL HEIGHT OF DISPLAY (DA-EA L ’LT=2 0
LINES).
( 2 )  MiSS~ A ’UMBER USED TO INDI CATE ~1IFSI

,’J VALU E S
(DEFAULT =~~99999)
(3) N GAP ,~ NUM BER OF HOR IZONTAL SPA CES BFTIEP ’ v I’ Ii E
BOXPLOT DISPLAYS (DEFAL ’LT= 3) .

GROUPs COMPARISONS
SUBPROGRAM t FILL
DESCRIPTIONt COM PARE OPERATES ON AN N bY K I-IATRIK CO PR,00UCF k
VERTICAL BOX PLOTS PLA CED NEXT TO EACH O Th E R  CC ALLOW VISUAL
COM PARISON OF THE’ CENTERS , SPREAD S , A I D  OUTLIERS OF T I/ P .’ B A YO ’If ’F
(COLUMNS) OF THE MATRIX . TIl E U S E R  ML ’S T FILL L’P THE M A T R I X  S C
THAT THERE ARE N OBSERVATIONS FOR EA CH BATCH. T H E  P A E A . ”J /v ’CbA ,
MISS , SHOULD BE USED TO FILL Iii MISSING VALUES. THE USER S / i C U L l i
ASSURE THAT MISS IS DIFFERENT FROM ALL VALID ENTRIES IN TI / P DA TA
ARRAY .

DEPTH
20

M iSS
— 99999

N G A P
3 - -

p WE WILL DEM ONSTRATE COM PARE WITH THE CHICKW T DATA .

~ SINCE WE L’SED 0 TO INDICATE MISSING VALUES IN THAT

~ DATA , WE M UST FIRST ALTER THE PARAMETER MISS .

/41551-0

C-

51
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C O M P A R E  C H I C K W T S
423
l O B

0
_1_

x C I
_ L_ x

( * (  ~-.i.._ I C
~~ 1 1 1 C

x x 1 1  C C
x 

_~~~~_ I I ~~~~
_ i._ I 1 1* 1
I C ( * 1  ~‘r

02 1 * 1 I I
C I I I
I I  T

_ L_ I *

1*! 
x 0

T
K

~ THE D I A G R A M  R E V E A L S  R A T H E R  L A R G E  D I F F E R E N C E S  I N  C/i l ’.
n M I D SP R E A D S  OF T H E  C H I CK W T  D A T A .  WE SHOULD TRA.wSFO /ii ’i

~ THE DATA TO TRY TO ACHIEVE HOIJOGENIETI IN  Ti/ P SPREADS .

~ FIRST LETS GET A NUMERICAL SL1I4MA1¼ Y OF THE DIFFE RENT C ”LL ”., ’/ 5 .

CON DENSEHOW
[‘YNTAX S CONDENSE MATRIX OR Ri-CONDENSE MATRIX
PARA /4ETERS X

(i) IIUM . CONTROLS WHAT STATISTICS ARE INCLUDED II ~t/r

SUMMARY . N U M e [ 1 , 2 , 5 ,71 (DEFAU LT 2) .
N U M 1 G I V E S  M E D I A N S  OF E A C H  C, 1L( ~~N OF T H E  ‘~IAT hIX
N L ’M = 2  G I V E S  M E D I A N S  A N D  I N T E R Q L ’A R T I L E  R A I / N E S
N U t I : S  G I V E S  .9IN , QL ’A R T I LE S ,M A X , A N D  S I Z E
NUM :7 GIVES MIN ,EIGHTHS I MAX AND SIZE
( 2 )  M I S S r  N U M B E R  U S E D  TO CODE L I S SI N G  VA L ” A - 5
( D E F A UL T = T h 9 9 9 9) .

I~E 0L’P* COMPARISONS
S U B P R O G R A M S  I ’TCOIV D , FMT
D E S C R I P T I O N s  CONDENSE GENERATES SUMMA RY STATISTICS F-O k b ,~C’i
GROU P OF D A T A  R E P R E S E N T E D  BY TIl E C O L U M N S  CF T H E  A R G U/ v J E I~T -SATt ’IK .
S I N C E  T H E  A R G U M E N T  I S  A M A T R I X , T H E  U S E R  M UST F I L L  VP Th ’b’ .~I S E I .~ i
VALU ES I N  T H E  M A T R I X  W H E N E V E R  T H E  GROUPS ( C O L U M N S )  H A V E  D I F F E R A - . J
N U M B E R S  OF O B S E R V A T I O N S .  T H E  P A R A M E TE R , 4J55 , S H O U L D  H/v  US / - LI
F I L L THE M A T R I X  S iN C E  T HE  F U N C T I ON  WI L L  R E C O G N I Z E  TH O S E  V A LL ’A - S  ‘15
.‘iI S S I iw LI D A T A  A/ I D W I L L  I G N O R E  T H E M  I N  A L L  CA L C L ’L A T I CN S .
RESL ’L T F R O M  CO//DENSE CAll BE U S E D  AS T H E  A R G U M E N T  CF -1 1 T h / i N
F U N C T I O N S  S U C H  AS SCAT CS L I N E  I F  A~vD O N L Y  I F  N L ’M : 2 .
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N
2

MISS
0

C O N D E N S E  C H I C K W T S
15 1.5 43
221 83.5
248 72
328 33
263 83
342 102

~ T H E  A B O V E  D A T A  ARE T H E  M E D I A N S  A N D  M I D S P R E A D S  FOR F A C .~t
~ OF T H E  6 B A T C H E S  ( C O L U M N S )  CF CH I C K WT  D A T A .  Z E R O  N A S
~ E N T E R E D  I N T O  T H E  P A R AM E T E R  / v lI S S  E A R L I E R . T HE  , —1 I L i F P R F A L - S
~ SHOW Q U I T E  A D I S P E R S I O N . FRO M AS S H A L L  AS 151.5 TO AT’ L A R J E
~ AS 342.

R WE CA/ v GET 1 ”I ORE I N F O R M A T I O N  AB OUT TH E  I N D I V I D U A L  CCLL ’ ’~.’/S
~ OF C t I I C I < k I TS  BY C H A N G I N G  N UI VA AS F O L L O W S z

N UM i- 5
CO//DEN SE CHICKWTS

l ” I I N  LO~ M E D I A / v  UP Q , -~A X  S I ~~
108.00 136.00 151.50 179.00 2 2 7 . 3 -3 10 .30
1141 .00 175.00 221.00 258.50 309. 00 12 . 00
158.00 199.00 2L48.00 271.00 329.33 214.30-
226.00 307.50 328.00 3140.53 1423 .1-0 12. 30
153.30 2142.03 263.00 325.00 380.00- 11 .00
216.00 271.50 342.30 373. 50 L314~~~33 12.30

~ IN S E E K I N G  OUT AN A P P R O P R I A T E ’  TR A i V SF C h ~~A TI C , w  TO R VF i ’I  CUT
Til E . I I D S P R P AD S , IT If  CF O PN U °F F U L  TO P LO~ T~~F LOu CF ‘ ‘~~~

-
~

~ ‘- i I TIS~~kEA t i ..- V S.  4 H E  LC~I OF T H E  I i P . D , L A N S .
~ I / ~ ‘j A N Y  C A S E S  WE N E E D  TO LOCK AT A S CA T T E R  PLOT OF , OL T/ i
A D A TA , Oh AT S C A T T E R  P L O T S  CF F U N C T I O N S  OF OUR D A T A .

L 
~ LET US I N T R OD U C E  A F U N C T I O N  S CAT T H A T  W I L L  P R O V I D E  Tt1 A-
p 1~/v~~L)f~’L) S C A T T E R  P L O T .
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S C A T/ / O W
SYNTAX I SCAT ARRAY
PARA 14ETERS~

(1) WI!.), C O N T R O L S  T H E  I I O R I Z O - I T A L  S I Z E  CE ’ TI l E L IFPL .Id
(‘DEFAL’LT~~30 CHARACTERS).(2 )  DEP~ CONTROLS THE VERTI CAL SIZE CF T~ E D1’SPL .4Y
(DEFAL ’LT ~ 15 LINES) .
(3) N DIV X , N DI V Y~ NUMBER CF UNITS Ciw X- AND Y-AX ES ,
RESPECTIVELY (DEFAUL T=4 ,14).

G R O U P S  R E L A T I O N S , SMOOTH , C O / / P A R I S O N S
D E S C R I P T I O N s SCAT PRODUCES A S C A T T E R  PLOT CF TB/v .  D A T A  C C I V T A I I v E D
IN ARRAY. THE ARGUMENT ARRAY CAN BE A VECTOR CR A MATRIX WITh AS
MANY AS 9 C O L U M N S .  IF  A V E C T O R  OF S I Z E  N . T H O S E  V A L V E S  A h A - .
PLOTTED VS. THE INTEGERS 1 TO N ;  IF  A M A T R I X , T H E  S E C O N D , ‘T ’I i h b ,
ETC . COLUMNS ARE PLOTTED VS. COLUMN 1 ON TI/ P S A l / F  A X E S .
DIVISIONS ON THE AXES OF THE PLOT ARE NOT EXPLI CITLY P t, IvCEb ,

F EXCEPT AT THE EXTREMES OF THE PLOT. THE USER CAN CON TROL T H E
RESOLUTION OF THE PLOT BY MODIFYING THE PARAM ETERS WID , DE E ,
NDIVX AND ND IVY . PRINTING TIME INCREASES DRAMATI CALLY WITH
RESOLUTION; THEREFORE . OTHER PLOT PROGRAMS SHOULD BE USED IF dIG/I
RESOLUTION IS DESIRED. FOR A SINGLE GROUP OF DATA , C--HE NU P ’ThEN Iv
( 2 �N �9 )  WILL BE PRINTED IF N POINTS LIE CLOSE TOGETHER ON
DISPLAY. FOR MULTIPLE PLOTS ON THE SAME DISPLAY , THE Lbl TYF’.~ A
REPRESENTS GROUP 1 , B REPRESENTS GROL’P 2 , ETC . FOR 2 F O I I T S
CLOSE TOGETHER THE LETTER WILL BR’ PRINTED WITH All L ’NDERSCOh~k .
THE DISPLAY CANNOT HANDLE 3 OR MORE PCI//CS CLOSE TCGE THP. E I F
THERE ARE MULTIPLE PLOTS.

wID
30

DEE
15

N DIV X
4

/1 DIV I
14

11—2 3 5 6 8 10 11 13 15 18
Y2—20 20 17 24 21 26 31 30 37 33

54
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SCAT X AND 11
RANGE OF X s  0 10
RANGE OF Is 0 20

0

0
0

0
0

C o

I 0

0
1 °

SCAT X AND 11 AND 12
R A N G E  OF X s  0 10
R A N G E  OF I s  0 40

I 
- 

L B
L b

B B
I L B  A

B A A
I A A  A
I A A A

— — A  ~ ~ n ~ — ~~— ———— ~~ —

~ IF TIl E ARGU M EN T OF SCAT IS A VE C T OR , S CA T  .IILL CREA T~
~ ABSCISSA VALUES CC BE TI/ K POSITIVE INT T GERS 1 TO Q A E 2 U  .E ‘. 0 .

SCAT 12
RANGE CF X s  0 10
RANGE OF Is 15 43

I 0

I 0 0

I 0 0

C o 0 0

0
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~ BACK TO T H E  PROBLEM OF N O N H O M O G E N E O L ’S  .‘~i I D S P R E A D S  I N  T I / F
~ CHICKWT DATA . LET L’S LOCK AT A SCATTER PLOT CF THE
A LOG M IDSPREADS V. LOG MEDIANS .

~ FIRST WE RESET PARAMETER !J L’M TO 2 , 51 IT WILL G IVE
A MEDIANS AND I4IDSPREADS.

NL’M+2

SCAT •CONDE1VSE CHI CKWTS
RANGE OF X ; 5 6
RANGE OF Y~ 3.14 4 .8

0

0 0

0

0

0

~~~~~~~~~~~~~~~~~~~~~~

~ THE SCATTER PLOT SUGGESTS A RELATIONSHIP BE TWEEN -.IDSE i~-E ,~DS
A A N D  M E D I A / / S .  P E R H A P S  S O M E  ROOT OF THE DATA N O U L D  M A K E
~ THE MID SPREAD S MORE II OM ~O GE N F C L ’S .  TRY SQUARE ROOT .

CONDENSE CIIICKWTS* • 5
1 2 . 3 0 3 6 8 5 6 9  1.71718 14371
14 . 8 6 3 6 3 2 7 3  2 . 8 5 1 0 5 5 1 49 6
1 5 . 74 8 0 1 5 7 5  2 . 3 5 5 3 4 1 6 5 3
18.11001266 0 . 9 1 9 5 1 5 8 9 3 7
16.217274714 2.4711407191
18 .4912651 2 • 8 5 2 0 6 4 5 1 4 5

A THAT IS BETTER (RATIO OF M A X  / 4 I D SP R R ’A D  TO iVIN IIIDFPREAD
A IS ABOL’T 1.5. M O R E  W O R K  N E E D S  TO BE D O N E  T H O U G H .
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) GRP RELATIONS
LINE LINEH OW LSLIIv’E LSL IIVEHOW REGRESS i/EGRES S// C-i
AND // OW RSELECT SCAT SCATHOW WID DEE NDIVX -‘v&Iv ’Y
t J N TE R CL~J P T FM T CR

LI N E H O W
SYNTAX ~ L I N E  AR R A Y  CR Z i - L I / / E AR RA Y
PARA M ETER :

RSELECT~ SELECTS THE O U T P U T  M A T R I X  OF R / -. S 1 D L ’A L .~ .
RSELR ’CT~ 1 GIVES ABSCISSA VS. RESIDUALS ( t P F A U L ~~~1) .
RSE L E C T �1  G I V / v S  FITTED VALVES VS. SESIDL ’ALS

G R O U P S  R E L A T I O N S
DES CR IPTION : LINE FIT~ A ~TRA I G EV’~ LINE ~~ A eFT CF (~~, Y) 

PCI ’~”~
BY DiVIDIj~’G Td~, PCIivTS INTO 3 ~/v’GiONS AND L’SI~ G ‘-/F 0~F L ’IA ’vS -O~
TH E  X AN !.) Y VALUES IN THE O U T E R  hfr GI -ON S TO DETER M INE ’ TH E  St  ‘1- b, .
THE INTER CEPT If THE MEDIAN OF THE DIFFERE N CES YrSLO P1/ x~’ . LI ’vl ’
ALSO COMPUTES THE, RESIDUALS AND GIVES AN N BY 2 -‘~4 T E I X  C O i 1 T 4 T ~~~ v G
PITH/v ’s Ti/ b,’ X~ VAL UES VS. RESIDUALS CR THE ’ FITTEb VALU E S VS.
RESIDL ’ALS D/v ’PEi/DIiVG Civ THE ’ PARA i-~F,TER, RSELI4,’CT. IF’ THE U S / - I T  D O E S
NOT WANT RESIDL ’ALS TYPED OL’T , BE SdOL’LD L’SF THE SYN TAX :

Zi-LINE ARRAY
THE ARGUMENT AftRAY CAN BE’ EITHER A VECTOR CR A 2~~C O L U M N  MA T R I X .
IF THE ARGU MK !/T IS A VECT.O R OF SIZE N , THE X~~VAR iA bL-~ IS
CONSTRUCTED TO BE CdE FIRST N POSITIVE INTEGERS. I F  THE A R J U  ~l’~~ ’
IS A 2~ CCLU l~th ~vJAT R IX , Ti/ F FIRST COLUM N IS TAKEN TO b t - T HE  St ’ T CE
X~~VALL ’ES AND THE S/v CO// D C-OLL ’/VIN THE SET CF Y-VALL ’ES. LINE CAY EE
U SE D  I/v CCIINL ’NCTION v.11 TH TB’I! F U I v C IO1v SCAT CC PRODUCE C/i F SLO t ,
OdE INTERCEPT , A ND A PLOT OF THE RESIDUALS. CC DO THIS , EI v” .” R ;

SCAT L I V E  A R R A Y
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1.2 3 v 3 5 6 7 6 7 5 9 8 10 11 12 1L4
p1

16
ARRAY+X A N D  I
L I N E  ARRAY

S L O P E : 1.375 I~~1 ’NTE RCEPT : 0 . 0 6 2 5
2 0.1875
3 T h . 18 7 5
Lv 1..5625
3 0.8125
5 1.0 6 2 5
6 2.3125
7 5.6875
6 Th.3125
7 Th.6875
5 3 . 0 6 2 5
9 

_
0.4375

8 3 9315
10 2.1875
11 1.1875
12 1 . 4 3 7 5
14 0.6815

RSELE CT ÷0
L I N E  ARRAY

SLOPE : 1.3-75 I - I N TE R C E P T : 0 . 0 6 2 5
2 . 8 1 2 5  0 . 1 8 7 5
4 . 1 8 7 5  0 . 1 8 7 5
5.5625 1.5625

F 4 . 1875 0 . 8 1 2 5
6 . 9 3 7 5  1 .0 6 2 5
8 .3125  2 .3 12 5
9 . 6 8 7 5  5 . 6 8 7 5
8 . 3 1 2 5  T h .3 12 5
9 . 6 8 7 5  T h . 6 8 7 5
6.9375 3.0625

1 2 .4 3 7 5  0 .43 15
11.0625 3.9375
13.8125 2.1875
15. 1875 1. 1875
16.5625 1.4375
19.3125 0.6875

R SZL EC T. 1
SCAT L I N E  ARRAY

SLOPE: 1.375 I - I N T E R C E P T : 0.0625
RANGE OF 1: 2 14
R A N G E OF I :  6 Lv

* 

0

0

0 0 0 0

O e p o w o p  , , , , , 0  . p p p p e~~~~p p p p ~~~~0

0 0

0
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Sr

Y
3 4 Lv 5 8 6 Lv 8 9 13 12 15 16 14 13 20

p Y
16

L I I / t-~ I
S L u & 1~, :  1.090909091 Y—IN Tl~JRCPPT: 0.6818181818

1 1.22127272’
2 1.136363636
3 0.04545454545
4 0.04545454545
5 1.863636364
6 1.22’~272121
-‘ 4.318181818
8 1.409090909
9 

_
1.5

10 1.590909091
11 0 .6818131818
12 1.22’?212~~2 P
13 1.136363636
14 1.954545455
15 0.9545454545
16 1.863636364

X~- t  16
A 1 i J TA Y X Avv D I
LI~~ ARRAY

S L O P E :  1.090909091 Y -’INTERC~ P T: 0 .6818181916
1 1.22~~2 212~
2 1 .136363636
3 0.04545454545
14 0.045451454545
5 1.863636364
6 1.22’~2~~212’~
-

~ 4 .3181-31818
8 1.40909090.9
9 

_
1.5

13 1.590909091
11 0.5818181818
12 1 .22’2 2”2”
13 1.136363636
14 1.954545455
15 0. ~545454545
16 1.863636364

S C A T  LI~~ I
~‘LOP ~~: 1.090909091 Y~~I Y l ’ ~~i-r C~~P T :  0.68181 81818
h A . ’1L,~ OF X :  0 20
hA~d i ~~ 0? 1:  6 2

C 0 0

0 0 0 0

0

w . , - n .w  0~~~p O

0

0 0 0 0

0 

0

5- 
- 

-—



‘-5-’- ‘ - ~~~~~~~~~-- -- .- --5--—-—— ‘—----5—

1/ S E LE C T  ~-1
Z ’—LINE Y2

[LO PE’ : 1.8571142957 Y~-INTE 1/CEP T: 17.L428571U3

L E L I z I L ’, ii CV
SI-v .AX L S L I N E  AR RA Y  OR Z ” L SL T~.L ’ A / ~R A Y
GRCL’P : RF ’LATIO [~S
L i t - S C R I P T I O N  L S L I N E  L i t - T E F~-j I N E S  ThE ’  L v ’ A S Y  5 U A i , E S  [ C L L ’C I - ” -

Y= Yi ~~S L C P E x X .  TH E  AhG U~~L i ~T ARRAY CA- -i ,5E~~ Vfr ~~~-~-~ Oh ~ Ci~ , .,

- J A T R I X . L E TH E  Ak~ U 1 -iE VT IS A VE C T ( I Y R , 0Th- X — VA L I ’/ -  S A / i F T,4 1 -

H E  T H E  L I TI - : G E R S  I TO N N I / E k E ’  N~~p A k R A Y.  li’ O H / -  A I — ; U - t -  OS
2 .- CCLL ’ i~;, i ‘i . 4 TR 1X , CCLL ’ :”i, i a C r - / b U S T S  CF ‘tit~ X - V A L I I E S  , 1c i ~ C (iLL I . :I

TtI t’.’ YwVALL ’ES . RESIDUALS AJ?E DETE , ’i~.~I Nt - . D A . i L i  S X ’ E EL  i’~ ,‘ ~
, V H C S E  F I R S T  C ( L U N j ~-/ IS  T u E  S E T  CF X — V A L U E ’ P A N t ’  ‘i -vO[ F’ [ : ‘ C~~,v D -‘-T LY~
I S  TIL L SET CF R E S I D U A L S . IF’ Yti E L ’SF ’ k .vA~1’TS TO S J E F I F E S S  P/J ~~~
CF Thi’ .‘tt ~f I D U A LS , ji b ‘-~.‘[T A S SI J i T12 b: E E S L ’L F’ ( /  t E L l 1  -~ , r

VAnIA b LE ; I . E .,  T Y P E  Z~-LSLiii j- A E h i ~Y.

SCAT L SL I ~/ E  A A N D  12
S L O P E :  1 .933333333 Yr I v T E R C E P T : 16 .8666b 667

~ A ~ N E  CF ~ c 3 1 3
i iA:w ~~E CE 1 :  ~ -~

0 0

1 °  0

I 0

0 0

I 0

AlE ’  T1~ E U S L I T  .VA~~2S TO J i E G R E S S  A kE S P - ~ i’.S J ’ ,‘ AR i ~~b Lb  ~
~ A SET vIE CA1/ RIE ’ITS , IF ’ CAN YSE 2.~f, r~i iC G.~A - J

~ T H IS LEAST S~~L ’A h F S  1’- J U L T I P L E  H f r - J R E S S : -0 c  P R C N E . 4  ~ IS
A V E R Y  PC~’E kEUL Atv D F L E X I B L E .

60

_ ‘ - 5 ’ 5- ’~~~~~~5- ~~~~L 5 -



—5-—-.’- 

~~~-5-
~~~~~~~~TT~~~ 

- “- 5- ’- .—

~~~~~~

- ——~~~~~

’-——

-~~~~~~~~--

- -5--

RE GRE SSH OW
SYNTAX : Zi-Y REGRESS X
PARA M ETER :

~I N T E R C E P T ~ D E T E R M I N E S  W H E T H E R  CR NOT AN I N T E R C E P T  T E E ’ ]
I S  TO BE I N CL L ’D E D .  ~I N T ER C E P T = 1  G I V E S  AN I N T E R C E P T
TERM , A N D  ~I N T ER C E P T 0 G I V E S  NC I N T E R CE P T . (D E F A U L T  IS
1.)

G R O U P :  R E L A T I O N S
SUBPROGRAMS : FMT AND SCAT
DES CRIPT1ON g REGRESS DOES A M U L T I P L E  R E G R E S S I O N  A N A L Y S I S
R E L A T I N G  TH E  D E P E N D E N T  V A R I A B L E  Y TO A SET CF C A R R I E R S  X .  ‘OHE
L E F T  A R G U M E N T  I IS  A V E C T O R  OF S I Z E  N .  T1/ E’ R I G H T  A R G U - ’~1F , N T  X I S
AN II BY K M A T R I X  C O N S I S T I N G  OF N O B S E R V A T I O N S  ON E A C H  CF K
V A R I A B L E S  OR A VECTOR CF S I Z E  N IF K = 1 .  OUTPUT C O N S I S T S  CF A~1
A V O V A  TABLE , R~ S QU AR E , STD . ERROR , RE GRESSION CCEFE ’ICIb ,’~VTS ( ,.THi~
FIRST COEFFICIENT IS TIl E CONSTANT TER!-i IF ~INTERCEPT~~1.),
T . S TA T I STI C S , V AR I A N C E ~ CO V A R I A  NCR M A T R I X , DL ’kb r ’v - W ATS O N
S T A T I S T I C , A N D  A VECTOR OF P R E D I C T E D  I V A L U E S  AII D R E S I D U A L S .
T H E R E  I S  Au O P T I O N  T H A T  A L L O W S  T H E  U SE R  TO I N P U T  A V EC T O R  CF X
V A L U E S  A N D  USE  T H E  R E G R E S S I O N  E Q U A T I O N  TO F O R E C A S T  Y V A L U E S .  T N F
USER C A N  ALSO O B T A I N  A S C A T T E R  PLOT CF TH E  RE S I D L ’A LS .
EXECUTION TER MINATES , THE PREDICTED 7 VALUES AND THE RESIDUALS
R E S I D E  I N  T H E  N BY 2 M A T R I X  Z .

I L I N T E RCEPT
1

p D RAP E RX
13 Lv

A L E TS  R E G R E S S  A R E S P O N S E  V A R I A B L E  D R A P E R Y  ON T H E  F O U R
A CARRIERS IN THE MATRIX DRAPERX .
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Z DRAP ERI REGRESS DRAPERX

ANOVA

SOURCE DF SUM SQUARES M EAN SQUARE F’ -RATIO
REGRESSION 4 2.6679E3 6.6697E2 1.11148E2

RESIDUAL 8 Lv .7864E1 5.9830E0
TOTAL 12 2.7158E3

R S Q U A R E :  0.9823756233
STD ERRORt 2.14146307963

COEFFI CIENTS T STATISTICS
62.4054 3.8906
1.5511 2.0827
0.5102 0.7049
0.1019 0.135
0.14141 0.2032

DC YOU WANT A PRINTOUT OF THE’ VARIAII CE ~ CCVARIAN CE -;ATRIX ?
I
V A R IA N C E w C O V A RI A N CE M A T R I X :

4 . 9 0 9 9 E + 3  5. 0 50 7E + 1 5 . 06 0 3 E + 1  5 .1660E+1  4 .9 5 9 7E ’- l
5.0507E+1 5.5Lv68E 1 5.1266E 1 5 .5Lv25E 1 5.0529E a
5 .0603 E- s- 1 5 . 12 6 6 E 1 5.2387E 1 5.2570E 1 5.1213E 1
5.1660E+1 5.5425E 1 5.2570E 1 5.6959k 1 5.1688ET~Th.9597Ei’l 5.0529E 1 5.1213E 1 5.1688E 1 5.32751/ 1

DURBIN wWATSON z 2.052596933
DO I O U W A N T  TO F O R E C A S T  A V A L U E  F O R  Y?
20 30 15 40
DO YOU W A N T  TO SCAT R E S I D U A L S  V S .  P R E D I C T E D  1?
I
R A N G E  OF X :  70 120
RANGE OF 1: Lv Lv
I 0

( 0  0

C 0

I •

I 0

I 0 0 0

C o
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) GRP SMOOTH
SPLIT  O N E 3  ON E H  A 3 R  A 3 R S R  TWICE’ SCAT S P L I TI i ”J
A 3 R H O W  A 3 R S RH O W  ON E 3 H O W  ONE ’ il,iOW T W I CE H O W  S CA T H O, .’ ~DI /X
NDI VY WID DEP

ONE 3110W
SY1’~TAX : 011E3 V E C T O R
G R O U P ,  S M O O T H
D E S C R I P T I O N , O1vE 3 S M O O T H S  A V E C T O R  CF D A T A  U S IN G  O N E  P A S S  OP
R U N N I N G  M E D I A N S  OF 3 W I T H  T U X E Y ’S  E N D ~ P O1N T R U L E .  W Il E /v S N 1 0 0 T I I I I J N
( X , Y)  P A I R S , T H E  U S E R  S H O U L D  USE  AS T H E  A R G U M E N T  V E C T O R  T dE  I
V A L V E S  O R D E R E D  A C C O R D I N G  TO T H E  !~A G N I T U D E  OF T H E  X V A L U E S:

V EC T C R ÷ YUX 1
IT IS  A S S U M E D  T H A T  T H E  X V A LL ’~~S ARE’ E Q U I S P A C E D .  R E P ~~A T F ! 1
S M O O T H I N G  BY M E D I A N S  OF 3 C A N  BE ACC C i~P L I S h E D  W I T H  A 3 R.  C U T I- L’T
C O N S I S T S  CE’ TIl E S M O O T H E D  S E QL ’E N O E .  A PLOT OF T H E  S:~C ( TH E D
S E Q U E N C E  IS  G I V E N  BY T Y P I N G :

SCAT O N E 3  VE C T O R

-4

A
3 2 3 7 4 3 2 15 Lv 5 3 6

O N E 3 X
2 3 3 4 4 3 3 4 5  Lv 5 3

SPLITS OW
S Y N T A X :  SPLIT  A 3 R  V E C T O R
GROL ’P ,  S M O O T H
D E S C R I P T I O N , S P L I T  DOES O N E  P A S S  AT D I V I D I N G  i-~E SA S (PAI R S  OP
AD .ACE ’NT POINTS WITH A COMMON VALL ’E WHI CH IS A LOCAL ~J’AX OR ,41-V )
USING TUKEY ’S END~ POINT RULE. IT IF L’SED IN CON- ~(’iI CTION WI T H
A 3R.

SPLIT ONE 3 X
2 3 3 3 3 4 3 4 5 4 5 3

A 3 R H O W
SYNTAX : A 3R VE CTOR
N I / C U P :  S M O O T H
S U B P R O G R A M ,  ON E 3
D E S C R I P T I O N :  A 3 k  DOES R E P E A T E D  S ”j O C T H i ~~N S  Op RU 1 ’~I N G  i~] E ’ t I A~~E C/’ 3
L’e~TIL THERE ARE ivO C I J A W G / ’ S I - ’~ Ti- i P S [ - O O T J : F’D S ? Q U P YC E  F ’ H C -  C~~
I T E R A T I O N  TO T H E  N E X T .  P E E  O N E 3 d P W .

63



“-“5-”— ‘
~~~~~~~

“5-

~~~~~~~

’5-

~~~~~
- —

~
-’— - ’ — -  ‘ 5 - 5 - ”T~ ’,T~

_ 
~~

‘ ‘5-

~

’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

A 3 R X
3 3 3 4 L v  3 3 4 4 4 4  Lv

A3 R5I /H CW
S Y N T A X : A 3 R S R  V E C T O R
G R O U P ,  S M O O T H
S U B P R O G R A M S : A 3 h , O N E 3 , S P L I T
D E S CR I P T I C t v , A 3 R S R  DOES R E P E A T E D  S M O O T H I N G S  BY kL ’N I V I N G  E E D I A ~IS
CF 3 F OL L C~~’L ’ BY S P L I T T I N G  M E S A S  A N D  R E P E A T I N G  U N T I L  C O N V E R G E N C E .

S E E  A 3 R  A N L  S P L I T .

A 3 R S I Y  A

3 3 3 3 3 -4 Lv Lv 14 Lv 14 4

ONE h ,~Cd
S Yi v TA X :  ON E S  V E C T O R
G R O U P :  - S k O C TIj
D E S C R I P T I O N : C N E I /  DOES A S I N G L E  H A N N I N G  OF A S E Q U E N C E  OF D A T A .
IT I S  US E D  I N  C O N . U N C T I C N  W I T H  T H E  O T H E R  S M O O T H I N G  F U N C T I O N S  AS A
F I N A L  T O U C H . U P  TO A S E Q U E N C E  CF S M O O T H E D  D A T A .  T H E  I~ T H RE S PONSE
IS  R E P L A C E D  BY 0.25xY[I~~1 ”1 + 0.5xY[I1 ~ 0.25xYCI+11 . S E E  A 3 R  A N D
A 3 R S R .

O N E H  X
3 2.5 3.75 5.25 4.5 3 5.5 9 7 4.25 4.25 6

T WI C E / L O W
SY N TAX : TWI CE VECTOR
G R O U P ,  S M O O T H
S U B P R O G R A M S :  ON E 3 , SPLIT , A 3R SR
D E S C R I P T I O N :  T WI C E  S M O O T H S  A S E Q U E N C E  OF D A T A , T H E N  S ’lO O Tr i E T H E
R E S I D U A L S  AiV & AD D S  T H E  S M O O T H E D  R E S I D U A L S  B A C K  TO T H E  S~i O O T, ’iEb
D A T A  TO O B T A I N  T H E  F I N A L  S M O O T H .  T HE  S M O O T H I N G  IS  D C / / F US I , ~~
A 3 1 / S R .
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WI C E  X

~ ,3 ~ ~ ~ ~

ANC ~ LET L ’S L COL AT SC OJE F L i TS  WI. [ , i  C C L  / ‘~~~-~ S I .~ t :, S~~
,’ -

A N A~”A I S  AT Sj j O , -/ 5 Til E L b  Pt S ~OO TtII ; - I L, .
~ iF’ i I L L  USE T~iE  PRL’S ~~A T I i G  D A T A .

WI L 4 5

SCAT Pk u’, [ R A TI 1 ’~U
r i A i~~ l (~~~ X~ 3 :1- 4? ])

f~~~~~~~~ i- () ~ 1: 3 133-

0

0 0 0 0~~ 0

t o  2o~~~0~~~0 0 ~ ~~ 0 o o

0 0 0  0 0 0~~ 0

0 0 00 02 0  3o z o3  0 0 0  00 0 0 0

0 0 0 0 0 ~~~~~

I 00 o~~~o 0 o  0~~ 0

0 o 2 0 0

0

0 0

0 

~L;’ I S  ‘ii ~P vb TO O i - L~1 ; T ’C j EL 2315.  Li- YS I S  0-’ ,-CI ON 0
R - I E L P [  A - 1’Y .

,~‘CA ~’ A 31/ S i’, I / H E  S R A Y r I v L
;;A i - , ,-’ 1/” X : 3 :1
1 , 1 1 Ii CI” 7:  2]) 93

02~~
0 23 0

I ~ 3 3 o  o 2 2  o o ~~3 o
I 0 0 0  0 0  ~~0 ~

I 0 ~, 0~~ 0 0 0

I ~~z 3 4 3 °  0 0  0 ~
0 zo  0 3 4 ? 2

I o o  o C 3 / o  0 0

— . ~~~~-~~~ ‘ ——-5 ~~~ ‘~~-—~~~~~~~~— 
5- 
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ATE1 A T IS  A LOT S I - j O O T H E L .  T I / F  P E AL S  A v L ’  / A L L E  Y E  ei~~ A
A C L E A R E R  N C i ’. AS A P f l i A L  TO UCt I ! ’P , L E T S  :‘s~- ~‘ vIC F 2-”
A S: ’iCCTd T H E  R E S I D L ’AL S  ‘~- Vt i A D D  bA C k TO T’i ,

~ 5~~(” 3 i -  ~ 5- ~Y-
A A N t ’  Tu E- v USE ON F I I  AS A E I / v M L  POLlS: ! .

S CA T  ONE’ u T WI C E  P R E S I t A TI I . - G
n,4 :vNtf  OF X~ 0 123
J i - A 1 / N L  CE 7: 2]) 93 —

02

1°  13  2 2
I 2 3 3 0  0 2° 0 0 2 3 0

1 0  00 30 3° 2 02

1 2 °  o 0

~ 4 ? 4  3o 0 °2 o o 2
I a 0 2 o o o 3 ~~])

0 0 0  2 3 3  0 0

I 2 2 0
iv

0 0

I 0 0  0

°2° 22

I’ 
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) GRP T W O W A Y
bJEDPOLISH ME’DPOLISH IJOW LINE LINE/LOW LSLINP LPLIIvES C ,’,’
RESIDS EPSILON Iv’ORIIEFFECTS SIJOWRES CODERES RSELECT SHCWR’E ’Fu”,,/
C O D E R E S H O W  A N D  A N D H C W  O C N T I j ~GE N C 7  C O N T I N ’3 P N C Y H O W  A~~” VA
A N O V A H O W  - O P T I O N  I N P U T  S U I I S Q

ME DPO L I SH  HOW
S Y N T A X : M E D P O L I SH  M A T R I X  01/ Z1- O I E D P CL 1 S H  1~A T k I X
PARAMETERS :

(1) RESIDS~ CONTROLS OL’TPUT OF kE’SIDL’~4LE. IF a ,
RESIDUALS ARE PRODU CED Ill A TIC-WAY TAb LE ; 1/’ 

2
,

(‘OMPARISOII VALUES , (REo .xCE)~~TV AND RE SIDUALS Al: i
P R O D U C E D  I N  A TWO C O L U M N  M A T R I X  (D E F A UL T ~~1) .
(2) E P S I L O N.  P R O P O R T I O N  BY WHI CH TH E SU 1~ C~ ’ T d / ~
ABSOLUTE VALUES CF THE RESIDUALS M U S T  BE hF ’D UC ~’b A . ’
EA CH ITERATION TO CONTINUE POLISHING (DEFAULI ~~0.31).( 3 )  N O R M E F F E C T S -  D E T E R M I N E S  W H E T H E R  CR I VO T V OR SA L 1] ~F ’D
E F F E C T S  ARE’ OUTPUT . T H E  D E FAL ’L T OF 0 S U P P R E S S E S  OL ’TFO ’
CF N O R M A L I Z E D  V A L L’E S .  N O R R E F F E C TS ~~1 C A U S E S  N O h ’~A L I Z E D
VALUE ’S TO BE PRINTED.

G R O U P , -  T W O W A Y
D E S C R I P T I O N :  1 ’I E D P C L I S H  I T E R A T I V E L Y  SWE EPS O UT M E D 1 A 1~S PR O . : - ~ S
RO W S MW COL U i~1dS CF A TWO-WAY T AB L E  TO Y I E L D  TI L E  M O D E L :

CBS t-~E D I A e v  ~ ROW EFFE CT ~ ~~~~~~~ L E F E C Y  ~ R E S I D U A L
IT YIELDS RESIDUALS FOR TESTING THE ADE QUACY OF’ ThE ~- O D E L  ( S i - i - .
S u O WI / E S  A N D  C O D E R E S) .  TilE’ FUNCTION CONTINUE ’S POLISHING L’ ‘~2 , L  ~~~STOPPING RULE C ON T R O L L E D  BY E P S I L O N  I S  A C T I V A T E D .  T I / F  O VE  r. A I L
M E D I A N , T H E ,  ROW~ A N D  COLL ’/ ’~N~~E F F E C TS , A N D  T H E  SL ’~i CF AB S CLL ’ r
V A L U E S  OF T H E  R E S I D U A L S  ARE G I V E N .  T H E  U S E R  CA~ SL’PEII E’SS
RESIDUAL PRINTOUT BY ASSIGNING THE F U N C T I O N  TO .4 VARIABLE ’ , I.F .,
BY W R I T I N G :

Z÷ M E ’D P O L I S H  M A T R I X

R E SI D S
1

EPSI  LOll
0.01

NO RI4E F FE CT S
0
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DEATHS
11.7 8.7 15.4 8.4
18.1 11.7 24 .3 13.6
26.9 - 2 0 . 3  37 19.3
4 1 30 . 9 54 .6 35.1
66 54.3 71.1 50

Zi-MEDPOLISH DEATHS
315.4
40 .3
38 .25
37. 575
TYPICAL VALL ’E: 25.6
ROW EFFECTS : 15.3625 ~10.1 1.4 12.6375 32.875
COLUMN EFFECTS : 2.7 3.9 12.625 3.1375

ATHE RESIDUALS ARE STORED IN Z. TEE FIRST VALVE ’S

~ PRINTED OUT ARE THE SUMS OF THE ABSOLUTE VALVES
A OF THE RESIDUALS . ITERATION CEASE ’S WHEN TWO
A CONSECUTIVE VALUES ARE WITHIN EPSILON.

z
1.2375 2.3625 7.4625 1.3
0.1 0.1 3.825 1.2375
0 0 0.175 1.7625
0.0625 3.4375 3.7375 0
4 .8 2 5  0 . 2 7 5  0 5 . 3 3 7 5

I Z
3 7 . 2 3 7 5

S H O W R E S H O W
S Y N T A X : S H O W RE S  M A T R I X  OR SH O W RE P  M E D P C L I S H  M A T R I X
SUBPROGRAM : A N D
GROUP: TWOWAI
DESCRIPTION: SHOWRES AIDS IN T HE ’  ANALYSIS OF RESIDUALS FEC/ -i
MEDIAN POLISHING A TWO .WA Y TABLE . THE USER SHOULD SET RESIDS 1
IN MEDPOLISH IF SHOWRES IS TO BE U S E D .  THE OUTPUT OP SHOWRES IS
A MATRIX CONSISTING OF THE SYMBOLS Coo *X DEPENDING ON T H E  SIZES
OF THE RESIDUALS. LET R REPRESENT THE RESIDUAL . N T ILE M ID SPR E AD
OF ALL RESIDUALS , L THE LOWER QUARTILE , AND U THE UPPER QUARTILE .
THE CODES ARE PRINTED AS FOLLOWS:

0: R<L~~1.5!40: L w 1 .5 M � R ~~L w M
o i  L~ M <R ’cU-p M

L 

x :  L’+M� R�V +1.5M
X : R>U+1. 5M
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Z
0 0 0

0 O Q  0

0 0 0 0

0 0 X 0

0 0 C

C 2 L E ’ L S S u C W
S Y i V T A A  t CCDEH ~,S ~-iAT’iIX CR CODE S/i -ES ,‘-1 5&EOLLE ,-i ~,~‘T —, ,TA
~~~~~~~~~~~~~
ui~CL ’P:  T~’vC,- 1 A Y
L,~’I ’ C Id ’P Y I O 9  : C O L) t R E S  F/~CuL’CF’S A D I A L J ; i’ CS’O L C Aki ’,A Y  E ” ti i- . ~ L / L ~ 

-
~

TaE t~t , S I D U AL S  FiLCL ~ , -i t uiIA~v P O L I F i - i l / V U  CF A Ti ’O , i A Y  YA:i L~~. -u ”  L’’ P

Si’~Y hP L ’I D S l I ,~ ‘i f, D P C L I F ’ H W~~ I~~-i CO DE Ft ’ S LE T E L l - . 0 - 4 P

CL ’Y&L’T MATR iX CO/vSISTS CE ’ Tu~ /‘Y- .]SCLS -o~~ ~Et~t~ .’L~~~G C.. Y,-i-- , i - ~~~ -

CE Tub .’ i~t , SLD L ’AL S .
— : VAL L ’E ,  L’,’~ LOW L-C~’ r, R  ~ VAii ] ’ i t- i’
0 : VA L U E  13E , ,/ F L ’ ,— , L TA h YI L E ’ S
i ’: VALL ’~. L Ab~Gl ’ b. T~- i A i  L ’PPt ’, r ~ (/ L ’A~~TI L t  S

( ‘Cbl- , kf r : S  Z
0 1’ —

F 0 0 — 1’

0 0 0 —

0 ‘— ‘1’ 0

i. 0 0 —

A L i - YE  / ‘t’ t.’ -V / / A T  r i AP P F ~iS -‘ v i E .’ i~i ’SI I i F~~~.

t ’~ AY~iS

3 7 . 5 7 5
~~ -“A~ V A L U E : 25 .~

E ’~~ ~ P b i - ( ’ TP :  1b . 3625 13.1 1. 4 12. 6 3 7 5  3 2 . 8 7 ~
CCLL ’ -! i~ b, E ’/ ”E ( ’TE t  2 . 7 3.9  12 . 6 2 5  T h 13 7 5

- — 
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SCAT Z
RANGE OF X :  ~ 10 20
RANGE 0? 1: 8 6

1 0

1 °l e e

0

0 I
o f

0 f

~ THERE’ S E E dS  TC BE A ! . E LA T I C N S H I P  B E T W EE N  T H E  R E S I D U A L S
A AND THE COMPARIS ON VALVES , (RE’..xCE)-*TV .

A~ LINE Z
SLOPE : 0.6216761995 Y.INTERCEPT I Th .1348011389

A N O V A H O W
SYNTAX : A N O V A
P A R A M E T E R :

CP T I Ot v~ SELE CTS THE TYPE OF AN O VA PERFORM ED. CPTIO~~~1GIVES A ON E~ WAY ANOVA AND OPTION=2 GIVES A TWO -lAY
ANOVA (TREATMENTS WITH BLOCKING) . (DEFAL ’LT=1)

GROUP:  TWOWAY
SUBPROGRAMS : INPUT , SVM SQ, FMT
DESCRIPTION: AN OV .4 DOES A ONE~ WAY OR A TWOeWAY ANALYSIS CE
VARIANCE DEPENDING ON THE’ VALUE OF THE’ OPTION PARAMETER. A 1~CVA
WILL INTERACT WITH THE USER TO OBTAIN THE REQUIRED INFOR MA TIO ,V
A N D  D A T A .  W H E N  E N T E R I N G  D A T A , S E P A R A T E  T H E  D A T A  P O I N T S  W I T H  AT
LEAST O N E  B L A N K  A N D  USE NO O T H E R  D E L I M I T E R S . OUTPUT C O N S I S T S  OF
AN ANOVA TABL E , ESTIMATES OF THE OVERALL MEAN , A N D  ESTIMATES OF
THE TREATMENT (AND ,IF CPT ION~~2 , BLOCK ) EFFECTS.
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O P T I C  -i

A i i C VA
p svT Ek  ivL’~~Bb,’R CE I R E  A T,’~Th’ 4 v T S .

4

~iv T i ’h  ~ M”TO ~ CE’ N U ! - i b E R  F’ 035.  F O R  TI / E A T N E  v S  1 TO

3 3 3 3
i- -~T E 4 ~ 3 O b S E R V AT I O N S  F O I L  T L EA T L E i I  I
Jr

4 -5 46 51
E- I E h  3 C~~S E R V A TI C ~.’S F O E ,  TE E .  .4 T ’ , b : NT 2

42 44 -53

~ : . ‘2Eh  3 P i - iS i ’N . VA T 1 C -. L -’ P O E  T t-i- i ’ AT ~b .N T 3

36 ~ 1 48
i - i i T j ’, 4’i 3 OI/Sp, kVATIC.~S t- 0’ /-, T E.,~ ~~~~~
U:

49 4 7  54
A:~C’/J4 TAbLE :

S E
ri~~’iTi ’j E v~ 3 a i J .9 2  3 6 . 3 ’?  : 1 .

8 ~ 54 • 33 1 9 .2 5
00’YAL II

3.~~19
Vi~ 

t-
~ AL  L- -’ ~ . A N 4 6 . 0 N 

—T hp , ,4Y~, E.  L t ”E’ t’ ( ’~’S ,~. . 5  3• ’7L 
~~~~ ~~~~
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A LET US TAKE THE SAME DATA AND DC A TWO WAY A IIO VA .

OPTION4- 2

A N O V A
ENTER NUMBER OF TREATMENTS.
U:

4
E N T E R  ~~~ OF N U M B E R  OF C B S.  FOR T R E A T M E N T S  1 TO 4
U:

3 3 3 3
ENTER 3 OBSERVATIONS FOR TREATMENT 1

45 46 51
E N T E R  3 O B S E R V A T I O N S  FOR T R E A T M E N T  2

42 44 50
E N T E R  3 OBSERVATIONS FOR TREATMENT 3
0: -

36 4 1 48
ENTER 3 OBSERVATIONS FOR TREATMENT 4
0:

4 0 47 54
A N O V A  TABLE

SOURCE DF SS MS F
T R E A T M EN T  3 60.67 20.22 5.56
BLOCKS 2 204.17 102.08 28.05
ERROR 6 21.83 3.64
TOTAL 11 286.67

R V S Q UA R E  = 3.924
O V E R A L L  M E A ,~’ 45.33
T R E A T M E N T  E F F E C T S  2 . 00 0.30 3.67 1.67
BL O CK  E F F E C T S  4.58 Th.83 5.42
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C C N TI N G E ~~C Y h C~
S YI T A X : C O I I T I 1~~E - ’, C Y ‘j A T R I X
-J h I ”L ’P: TIVOWAY
DE,’SCkIE ~TION : CCWTI !~

(j E ’lCY TAKE ’S A T~iC— ./AY TA b LE 4 .3 t E b ~~M ,S A

T E ST  CF I , Db ,’P b ; N D E N C E  CE’ ~~~~~ Ai~D C OL U - ’~,,- S . i~~p

S T A T I S T IC  .4,3 I T S  D EGR EE ’ S CE’ F R E E i D C ,-~i ARE O U T P U T.

C O ! / 2 I N & E ~~CY D E A T n S
C j j I ~~S,~ U h t ~E ’ VA L L ’E ~ 2.920832627 Li b’~ 12

A ( ‘C/ -2PA hF Ts P  A b C ~~ V A LU E  W ITd  T h O S E  I N  C~i1 -E ~~UAtt k
A TAL’LES b CE 12 yE TO L~b .TE~i ’-~I.’E IF ‘O :iE.’ :i Y P C T i I ’S I S
A S TA I i ’w~ T~~AT Ti-iF L O WS  A~’~D C C L U 4 ~S A L E
A CI, u bE RE ”P (‘TED e~T Ti-i L S EL . ”C Y E D  [ I y v I F I C A , C E .  L E V E L .
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) G R P  S T A T S
C O R R E L A T I O N  CR Ft -IT !LI S T ATS  P A i i - T I AL  S TA TI S T I C S
COii~ EL A TIO &IiCW L S TA T S t I O I  P A I i TI A L h C W  ETA T1L’Ti-” S ! i O ;

ST ATISYICS :/ O~V
SY:~2AX : STA TISTICS Vp C TOIL
Gn CL ’ P i  S T A TS
SL’L CGRA ”i : F iT
L,~~S C h I E T I C I .  S T A T I S T IC S  D E T E ,’R % I e . E E  T H E  ~E A I , V ,~~ I A p i CP , ET. ’~, , L - ,: .’ l
.‘,-i --V ,LAYIOv , ( ‘CE F E I C I E ,~T CF V’A h I A T I C N , L C, IF  iT AII i~ L’ ,-’P E R ~~~~~~ ~: :z~-~-:-~LD IA i~ , I/il A!~ , J b - ’5 E A I ~’ , ~‘i I L i R A t v (J E , E A i ~) E , . F A , ~ Ab s  - “L ”Yi
L’l’,JIA?ICN , I wYEt ’-,i - i - L ’A/iTIL E.’ RA N ’ E , SKEWt ’~ES5 , Ai ~v ~L’ t~’TCSIP t-” it .“ -~I:
D A T A  I - ~ VE CTOR .

STATISTICS VOL CAN ’?
,-~EA ~~: 70.24657534
VA h1 A j I CE’: 1850.562775
ELD. it~,/ . :  43.31816796
C - ’,-Fb’ . CF V AR 1 A T I C L b ’ : 3 . 6 1 2 3 8 8 1 1 6 5
L[ ~t E R  ~ U A 6 T I L b ,  ~ 37
L ’P P L Ii ~‘L ’Aha0I Lt ’ , :  96
, -ib Q1AN: 65
I R I ’ 1 P A ~~: 65.75
,‘-,,Lp - - 4 E ’ A i v : 64.47747743
R A ~ -3E~ 137

r 1-3 0.5
.‘-i t’, A y  AtL’I ’L V.’ ’. I E VI A T I C I . : 33 .68493151

~~2EhI,,~UAt ~YiL b,’ t~A~i G E :  59
CC~. t b .  C E SA r d ’~E S5 r 0.R3257673~~9CC E t b ’ . ( ‘P  ‘4 U1’. T C S I S :  0.4261831164

(‘CItRELA -TION/f Cd
SY~~1 ’A X:  k + C C R R E LA TI O v W
~ t ’vCL ’P: S T A T S
SL ’ b Et ’, O L E A - - ;  FRiT

C O R R E L A T I O N  D E T E ’ k E I i v E F  Tf l E  S I  - --L ~ Pb A RS O ’v E E C D L ” O T
!‘.Cj b. ,~T CCRRE LA TIO ”i S iib T w F .’P’ ~ E A C h  P A I R  OF V AR I A L i L~’S EE ’PR~ EE • , 1 -  Li ~~~~

Ti-Lb.’ C CCLL’ t-~,N ’S CE W . ‘Ti-IF OUTPL ’T I S  .4 C ~y C ( ‘O E E E L A T 1 ” ’v -~A 7 I , I X .
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C O I L R E L A T I O I v  G . ¼ A D E S 1
1.00 2.03 3.33 4.30 5. 33

1.03 1.30 3,34 3 .50 0.zS
2 . 03 3• 34 1. 00  3 . 37  3~~5L 3 . 6 8
3.33 3.50 3.37 1.30 3.52 3.64

3.25 3,54 0.-5~ 1.00- 3.87
5 .33 0 .64 3 .68 3 , 64 0 . 8 7

A I i i  Th E, C C,’~i E L A T I O ~, CUT ~~CY • T N ” .’ T O E  L O t
A ( ‘CLL ’/ ’i N A R E ,’ LA, i t ’,LS  t O t  T i - .  C,0 p rkE’ L ,-, ’ ~-‘1O-. ’S . b C E / A  A , t ~L: ’
A TIL E. C C i c R i - L A TI C ~ bE T V L E , ~ “/I E SP C ”~ , i,i A L ’  t C U E T : i  C- ’L ~ ’~., , S
A OF GhAii b , E1  I S  3 .54 .

p 3 k A b E ’ S l
15 5

Eli - TAX : ~ ‘T ATE ~h,j J-iC Ut - : STATS
SL’ y PJ ~C~ hA , ’~ :
I)b.SChIi—T,r’3 N ‘5 2,4 1 5  bE ’TE.’-i-~i -I ’.~i-,5 (‘Ctt’hL ’L ,4YI ”,T ’ , -.:i .“i i - . ”  , A

~~i- VI, IC~.’h ’, LC~it.’L ~.JL ’AhTI LL
’ 4~ , ~~ i~I.4NS , Ai~i Ui- ’t ’ i- I ’. ~YV,’,Y, L E  ~~

‘ -
(‘OLL ’ ~i-vE CE’ ri - J r. Az V’~E,’vT ‘jAYh IX 1. Ti-iL: C’~hLEL -A0I O - ,E ~~~~~ L~~ ~L,~Yr L
1 1  ~~.v ,‘ ~ Y .‘ I’~n . YhIX , 4VnE~ E . ‘ I S  T11 vL ’ ”,~~~E CE C O L U . ’-~ .5 0 v .

TiE. OTTEL i-Y EEC ,, i-E T~ TS IS ,i-’C:j I T E E  T: iA T CE O0~~ L VY (0

,,L~’AT [ yh A~~E’S1
1.Ou 2.23 3.30 4.00
1. 30  3 q 3 4  0 . 5 0  0 . 2 5

2.33 3.34 1.0~3 0.07 3.5k
0 . 5 3  3 . 07  1. 30  3 . 5 2

4 . 3 0  0 . 2 5  0 . 54  0 . 5 2  1. 33
5 . 03  0 . 6 4  3 . E 8 3. 64 0 . 8 7  1. - D C

3 . 8~ 3 . 8 1  3 . 8 8  0 . 8 1  3 ,34
STb .u i ’.V ‘3 . 0 9  3 . I i  3 . 1 3  3 . 1 3  0 .0’?
L . ~iT . TLE 3 . 8~ 0 . 6 9  0 . 8 2  3~~74 0 . 78

0 . 6 5  3 . 8 3  3 . 8 8  3 . 7 9  ‘3 . 3 3
U . .-~~I , , L . E 3• ’34 0 . 9 .~ 0 .3 8  0 . 91 2 . 30
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P A L T I A L I I O W
E l i -  T A X : P A R T I A L  1 - -

N E C L ’P :  S T A T S
5U~i P L C J R A : - i 5 :  CCERt ’LATI CN , 51’41
L i E 5 C h I i —~” I C , J : .“~AiiTIAL DETEki’~I,~tS PA tiTIAL CO !- i’kE . L A TI C  i - F  CL ,i-,. Y
5j ~~ C I E I i ~’Ij CR L I E R  SOIL TIL E CCLU ,’~iwF CF Til t ,“i- 1-~Th ’I A  d . Ti- i L, L ’[ ’j :  - t I L L  i; ’.;

~~~~~~ EC u Ti-i F COLL ’ ’.lt~S TO BE P A t T I A L L E 3  OL ’T .  ,sr~ L’EE N ‘S I i t , ’I - ( ’
bJUS T bE Iiva7 i-, -~ t’.~~S bE’ TWt i -,~, I A i . ’L i  C , ‘/ :j ;’. NE C IS Yr- P ,J i- , L : t’. ,’i
(‘CLU ,i.’S CF ~•

‘
.

PA tTIA L ~~i -A D !:S1
ENTt ’. .~ ( ‘O LL ’ ., y 5  Ct ’ ,~- ,ATii I X  TO BE ,’ P A . ’i T 1 ALL tLI C U T.

- 
- ‘

-i-

1.33  2 . 3 0  ‘3 .33 4~~33
1.33 1. 3-3 Th .2 9  0 . 5 0  0 . 64
~ . 33  0 . . ’ 9  1. 33  3~~~L ’7 3~~4 9
3 . 3 3  3 . 5 0  3~~i4 7 1 .33  3 . 9 5
4 . 33  3 .6~ ‘3• 4 9  3 .9-5 1 .0 -3

A bE “Ai tE EL ’L 11TH I N T P R P I L E T I i - o  T I E  L AB F , LS I N  Ti- i t CL ’T,’--OT
A CE P A R TI A L .  A B O V E , L A b E L  I 3055 N OT M E . A~ CCL O : - . , i -  0 ,7

A BUT I’/l’ L- ’ I h t ’ r: O C L U L~w h E - ~i A I v I - i - J AFTER TIE SLLb. CT1~b ARI /~~b ,’- P
A r ie ~ / E  b t , r~~ E/41c ,0 1A L E D  C U T .  S I , S I L A R L Y , 2 L E P E R S  T O  Tt i i- ’.

A S~~C C , , y  R E: — J A I i ~I i - . G COLL ’ N~v

t~Ai~~I A L  G RA D E . ’ SI
P ~2tR C O L U , ’4NS CE ’  ~4A’2 i- t IX TO BE.  P A R T I A L L L L~ C U T .

2 3
1.33 2.33 3.00

1 . 0 3  1.33 ~0.45 3 . 2 3
.00 3,s5 1.03 3.77

3 .30 0.43 0.77 1.32-

A 2ri~ ~ i~CVE’ E X A t ~iP L P  S h O W S  Th A T  ~C~~E T,~AN  Cit E V. ’- j i - I A B L E
A CA N  ~ E P A l i T I A L E D  C O T .  L A B E L  2 A b O V E  R E F E R S  TO ‘~ iiA
A S E C C i / L i  C OL U M N  hE ,’:~I A I v I N G  A F T E R  T I i E ~ S E L E C T E D  VA L I  ,-4.”LEF
A ,- I A V E  b L L i -~ P A i T T I A L P D  O UT S L i -  -Oti I E  F X A . ’; F’ LP ~ L E P E R S  1.’
P CO LL ’  i , i
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- ‘ ‘~)~~,lJ r , i r L~~,

N ’ S  N S L ~C r ~ Ctj IS~~L ’A R E  CR15 Q U A  ,~E h C ’I

(‘jj  I S  Q U AR E  N C - i
S Y - ’v T AX :  I OriISQ L ’ i4)i E’ X
Nu - C UP :  3511’
u’.SChut”210’IH C H I S QL ’A R E  CC ,/!P AAb. ’S A T H E O R E T I CA L  D I 5 Cl ,~
P R O B A B I L I T Y  :.~A SE  F U i~C T I CN  T H A V I N G  t~ E Oi ’ PI H L P  IAL L ’ 1’ S .‘J i TI I  t -

b . ’ NP I R I CAL  b’Ai ’:~- Ub.’ i- i - C Y F L ’N C T I C t v  X C L / E R  Til E SA 1~F ‘i- VALU E S IC TES T ~-~Cv
t E L L  I d E  P n O b A B I L I Y I E S  T P IT Ii - i E D A T A  X .  T H E ’ - I - [ ’ ,- ,-i J A L ! ’.
G CCLi i -’i-E’SS ” CF ~ t’IT S TA TI S T I C  IS  F R I - - l I E D  C UT WI T H  Yi ~E -i - L ” .’u B E L  OF
356k 1’, E S  CF FkEEDC ~i.

A THE TH E OR E TI CAL PI?OI3AEIILI TY li-A SS E UIi -CYIC-. I ,A tb L T I P

~ E ’jPIRICAL F,’~E Q UE T~’CY FUi (’TICIi- X :1051 bE Of TNt ’ SA, - 4 F
A S I Z E ;  I .E . ,  plz px .  T u E  A C T U A L  OB SE RV E D V A L U E S  A L E
~ I’i-PLICIT P1 1115 P O S i T I O N  CF Ti-i L VE C T OR S .

T’~- .1 .~~ .3 . 2  .1
X~- 5 2 3  38 32 12

p THE V A L U E S  lIt I Rb,’P E F S E t ’T P R - O 3A B I L I T I r ,’S. 195 v A L U E S  I ,’,
A ,~ R E P R E S E N T  ( ‘ B S S i - v’EL PLEOUE iu (’IE5. 1db. i~C’2UAL -ObS~ RV~ TI-T ‘i-S

A L E  ‘i- C T STA2 ’ t ’.Li E X P L I C I T L Y , i - J UT IT  I S  U I v D F E E T C O  T~~~r2
A THE P O S I TI O N S  OF X A~~D I R E F E R  P0 TI L t ’ 5, 4 - i - F , VA L U E ’ S.  F O E

~ E X A J P L F  1’ r
~~it  C A G E  A i - ’~/~ ~

‘ i t  ~~~~~~ PC~~~~~i~~ d 1-3 ‘-‘
~~~~L

A ‘10 TN!’, VA L UE 1 , O N E  L ’L”O: ,- L ,  3 , NT’ ” .

I C ,~iSbL ’Aii E. X
- iI — b ’ , L ’Ai -’i E  VA L U E  9 . 6 2 3 8 7 2 2 7 k  i t ’ 4

p P0 ub:Tt’L- ’i-I -i - F.’ TE’ 0i-F ’ StiOULL H F  - ‘L O T  l I t ,  ‘I Y P C TH E S I S  :Tii-
p T H E .  &A2 , 1  : - J E , h E D J i A W - ’ P E O N  A POPUb , , ; ” I ~~.i -11 TH P L C b A L i I L  0 0 1
P i -ASS  bL ’ , t C TI C i ,  I , C Cl ’j 54i ., i ’ ‘T:i t V A L L ’ t’ A b C l ’  N I I I ! !  T : i C F F
A 1-i -  Cii 2 - ’S:~U AR i - , T Ab L t : E ~I :~ ~ bE .
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KS r i OW
F y i - T A X : F tJ’ 3
GL C L ’P i  GE I T
D P S O RIE ’1I 0 1V K S  bCE’ S A i-~OL -uCGOIL , O /~~St ” I N l ’ O V 3OC ’ j~~~~’E C E  12  ‘

~~ LI

OF T hE  E~~UA L I I 1  CE’ I W O  uIS CRE’? E ,  F . P t h I r A L  P k - ” y, 4 L T~. I 0 Y

D I S Th I b L ’T I C~vS .  T H E  AH 3 L ’ ,’~E J v r2 F F A1~u U A L E ,  E A Ch  VECTOr , ,:

O B S t i T V A T I O I V S .  T H E Y  l i - F E b  iCY B E ,  S O R TE D , ‘i - C E - -~U E Y  Yri - E Y tE ?‘.i~
’ S A , . N ’

S I Z E . .  O U T P U T  OF KS  ARE :  TI L E  V A L UE S :
I I A X  F ( X ) ~~G ( X )  411 3 l i -I - V b ’ ( X ) - N ( X )

E + 3 2 5 o ~~~ D I 6 3 5 7 1 9 2 3 1 2 b 3 8 8 9 7 7 ? ~~~~~~~
_ J

G~~” 2 10 2 0  13 3 6 7 ~ 2 1 1 B 6 3 31 7

b ’ S S J
.i - i - ,A L ( X ) r . u’ ( X )  ~ 3. 1 274 -5 3 9 8 3~
- i - l i -  ~ ( ,~~~ 3 ( X )  = 0 . 3 1 37 2 5~~Y 3 2

p TO 3i -YEHN1-. E It T~it .  2 -1 - 0 F A , - i - t L N [ ’  Cr uATA Ft 1,5 TAL E ’ t O ..

T H E  SA iL ’ P CP L ’ b A T I C / .  ( -O n P C F UL A .  012, - i - S  1 1 TH  rT . -~E SA N E  OL E ’ ,

A C O R i - P A I L E  T H r .  , i - A A  A N D  -

-
S I ;  VA L U ~~S / I ,i [ i- i - N bt LIV .‘ A’[ OI” ICE

p T~ ‘Ay L P S  FO ‘o,~~: T’-l C 5,-~- i - P L E  N Y  .21 S T .
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SYNTAX : X AND I
GROUPS : RE LATIONS , TWOWA .Y , COMPARISONS
DESCRIPTION : THE FUNCTION ‘AND’ IS u SED TO CREATE ’ A ‘~E”1 DA ?A
ARRAY CONSISTING OF X AUGMENT ED BY Y AS ADDITIONA L COL J itvS.
AND Y CAN BE SCALARS , VECTORS , OR MATRIC ES BUT CA’I ’IOT h OT/ i  ‘i~~
SCALARS . IF All ARGUMENT IS A SCALAR , A COLUMN IS G E N E R A T E D  ~A TL
ELEME N T OF WHICH IS THE SCALAR. IF THE ARGUMENTS ARE VECTORS OH
MATRICES , THE Y M UST BE CONFORMABLE.

A N O V A I L O W
SYNTAX : A II OVA
P A R A M E T E R :

OPTION - SELECTS THE TYPE OF A N OVA PERFOR MED. OPTI3~~~1
GIVES A ONE-WAY ,4N O VA AND OPTION ~~2 GIVES A TWO-WAY
ANOVA (TREATMENTS WITH BLOCKING ). (DEFAU L T=1)

GR O U P :  TWOWAY
SU BPROGRAMS : IN PUT , SU!4S~~, PMT
DESCRIPTION : ANOVA DOES A ONE -WAY OR A TWO-WAY ANALYSIS Di -”
VARIANCE DEPENDING O-’i THE VALU E’ OF TILE OPTION PARAT IE TER. ~ IO V A
WILL INTERACT ‘11TH THE USER TO OBTAIN THE REQUIRED I ’ I F O R M A T I O I i -’
AND DATA. WHEN ENTERING DATA , SEPARATE THE DATA POINTS WITH AT
LEAST ONE BLANK AND USE NO OTHE R DELIMITERS. OUTPUT CO NSISTS OS’
AN ,4IJ Q VA TABLE , ESTIMATES OP THE OVERALL M EAN , A N D  E S T I M A T E S  OF
THE TREATMENT (AND ,IF OP T I ON~~2 , ILLOCK ) EFFECTS.

A 3 R H O W
SYNTAX : A 3R VECTOR
GROUP:  SMOOTH
SUBPROGRAM:  ON E 3
DESCRIPTION : A3R DOES REPEATED S.~4O OT HI N GS OP R U N N I N G  MEDIANS OF 3
UNTIL THERE ARE NO CHAN GES IN THE S’-IOOTHID SEQUENCE PROM O h/N
ITERATION TO THE NEXT. SEE ONE 3/IOW .

A 3RSR H O W
S Y N T A X :  A 3R SR V E CTOR
G H O U P :  SMOOTH
S U B P R O G R A M S : A 3 R , O N E 3 , S P L I T
DESCRIPTION: A 3RSR DOES REPEATED SMOOTHIN GS BY RU’i -NIN G M EDIA N S
OF 3 FOLLOWED BY SPLITTING fIESAS AND REPEATING UNTIL CONVERGE N CE.
SEE’ A 3R AND SPLIT.
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B O X P L O T I L O W
SYNTAX : B OXPL O T VECTOR
PARA M ETER :

LENG TH - CONTROLS TILE HORIZONTAL SIZE’ OF THE’ DISPLAY
(D E ? A U L T 5 O C H A R A C T E R S) .

GROUP:  DISPLAY
SUBPROGRA M : FILL
DESCRIP TIOIv : BOXPLOT GENERATES A BOX PLOT DISPLAY FOR A VECTOR
OP DATA. A RECTANGULAR BOX WITH ENDS CORRESPONDING TO LOWER Af I D
UPPER QUARTILES IS PRESENTED WITH THE MEDIA / I ~4A R K E D  W If E AN
ASTERISK. WHISK ER S ARE OHA WN 011 EACH SIDE OF THE BOX WITH
CROSSES MARKING THE LOWEST AND HIGHEST DATA VALUES WIT HIN A/I
INT E ’RQ UARTILE DISTANCE OF THE QUART ILES . DATA VALUES OUTSIDE TILE
CROSSES (OUTLIERS ) ARE MARKED WITH CIRCLES AND THOSE ‘- l ORE Ti -IA /i
1.5 IIITERQUARTILE DISTANCE ’S GET HEAVY CIRCLE ’S.

CHI S QU A R E H O W
S Y N T A X :  T CIL IS QUAR E X
G R O U P :  GF I T
D E S C R I P T I O N :  C H I S Q U 4 R E  CO I P A R E S  A T H E O R E T I C A L  D I S C / S TE
PROBABILITY MASS FUNCTIO’I T HA Vr :VG V P O S S I B L E  V A L UE S  W I T H  A t
E M PIRICAL FR&~ U E lCY FUNCTION X OVER Til E’ SAi~j E -v VALU E S TO TE ST ‘i Q ’i-
WELL TILE PROBABILITIES T FIT THE DATA X. THE C-II-S~i - UA hN
GOODNESS -OP-PIT STATISTIC IS PLI ’V TEID OUT WITH TILE ~/J!1BEh ’ OE
DEGREES 01” PREEDOM .

000E’RESIIOW
S Y N T A X : CODERE’ S M A T R I X  OR 000E’SRES “i-’R D P O L I S H  - ‘~- A T h I X
S U B P R O G R A M :  A N D
G R O U P :  T WO W A Y
ImSC i r I P 2 ’ I O l :  CODE ’ , E N S  P R O D U C E S  A D I A G N O S T I C  , 4 R ,’i A Y  SOS A i i 4 L Y ’ L I - ~
T I L t S  R t S I U U AL S  PR O- ”u ‘~~ IJ]’ Ai i  P O L I S H I N G  OF A T~v O - v A Y  V ’A UL E .  T I N  U S t E
S i - i - G O L D  SE T R. -~’S I D S ~~1 I N  — i N O P O L I S I I  WH E N  C O D E R E S  I S  U S E D .
OUTPUT !1ATRIK CONSISTS OP TILE SYMBOLS ~~~0÷ D E P E ’ V DI I I G ON T h E  S I Z E
OF TH E’ R E S I D U A L S .

-: VALUE ’ BELOW LO ’ki- SR QUARTILE
°:  V A L E BETQEB ’ -’i Q UARTILES
+ :  V A L UE  L A R G E R  TH A ’I  U P P E R  Q U A R T I LE S
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C O M P A R E H O W’
S Y N T A X :  C O M P A R E  ~4 A T RI X
PARAM E TERS :

(1) DEPTH - VERTICAL HEIGHT OF DISPLAY (DE ’FAI/LT~~2O
LI NES ).
(2) MISS - NUMBER USED TO I,ID ICA TE ‘~ISSIV G V A L U ES
(DEFAULT =~~99999)( 3 )  NGA P - N UMBER OF HORIZONTAL SPACES b E T ’W ’EN ~ T I E
BOXPLOT DISPLAYS (DE ’FAULT~ 3).

G R O U P :  COMPARISONS
SUBPROGRA M : FILL
DESCRIPTION : COMPARE OPERATES ON AN /1 BY K MATRIX TO PRODUCE -~~

VE1 ~T I CAL BOX PLOTS P L A C E D  NEXT TO EAC d OTHER TO ALLOW VI S U A L
COMPARISON 01” THE CENTERS , SPREADS , AND OUTLIERS OF THE B A T C H E S
(COLUMNS ) 01” THE MATRIX. THE USER MUST PILL UP THE MATRIX SO
T H A T  TH E R E  ARE N O B S E R V A T I O N S  FOR E A C H  B A T C H .  T H E  PARA - ’-~E T t i - ,
MI SS , S H O U L D  BE USED TO FILL IN MISSING VALU E S. THE USER S’i- OIJLD
ASSURE THAT MISS I’S DI b’b’E’REiV T PROP-I ALL VALID ENTRIES IN TILE - DATA
ARRAY.

CONDEN S EHOW
SYNTAX : CONDENSE MATRIX OR R+CONDENSE MATRIX
PARAMETERS :

( 1)  NUM - CONTROLS WHAT STATISTICS ARE INCLUDED I-I ThE
SUMMARY . NUM€[ 1,2 , 5 ,7J (DEFAUL T ~~2).
NUM = 1 GIVES MEDIANS OF EACH COLUMN OF THE ‘JATRIX
NUM Z 2 GIVES MEDIANS AND INTER Q ’JARTILE ’ RAVG E ’S
N U M~~5 GIVES MIN ,QUARTILES ,MAX , A N D  SIZE
N UM ~ 7 GIVES MI N , EIG H THS ,MAX A N D  SIZE
(2) MISS - NUMBER USED TO CODE MISSING VALU E S
(DE ’PAULT ~~~99Y99) .G R O U P :  C O M P A R I S O N S

SUBPROGRAMS : UTCOi’t’D , PMT
DESCRIPTION: CONDENSE GENERATES SUMMARY STATISTICS FOR RAC i
GROU P OF DATA REPRESENTED BY THE COLL” -I~VS OF THE ARGUMENT M AT IL IX.
SINCE TILE ARGUMENT IS A ti-ATRIX , THE USER :4/1ST PILL UP THE ~1ISSPiG
VALUES IN THE MATRIX WHENEVER THE GROUPS (COLUMNS) H A V E  DIPEERE ’I T
‘VOMBERS OP OBSERVATIO NS. THE PARAMETER , &IISS , SHOULD BE ’ USED TO
FILL T~IE’ MATRIX SINCE T H E  FUNCTION WILL RECOG N IZE THOSE VALUES AS
MISSING DATA AND WILL IGNORE THEM IN ALL CALCULATIONS. TEN
RESULT PROM COi/DE VSE’ CAN BE USED AS THE ARGU M ENT OP OTHE E
F U N C T I O N S  SUC , E AS S C A T  OR L I N E  I ?  A N D  O V L Y  I F  ,VJ M 2 .
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CON T Il l  GE ’ N C Y HOW
SYNTAX : C O N T I N G E N C Y  M A T R I X
GR O U P :  T W OWA Y
DESCRIPTION : CONTINGENCY TAKES A TWO-WAY TABLE 4’ID PERF ORM S A
TEST OF INDEPENDENCE OP ROWS AND COLU t-’iNS . THE CILI -SQ~’A kE
STATISTIC AND ITS DEGREES OP FREEDOM ARE OUTPUT.

KSIIOW
SYNTAX : F KS G
GR OUP: GFI’f
DESCRIPTION: KS DOES A KOL M OGOROV -SMI RN OV GOODNESS OF FIT T EST
01 ” TH E  E Q U A L I T Y  OP TWO D I S C R E T E  E ”2 P I R I CAL  P R O B A B I L I T Y
DISTRIBUTION S. THE ARGUME N TS P A N D  G ARE ’ E A C H  VE C T O R S  OF
OBSERVATIONS. THEY NEED NOT BE SORTED , NOR ,‘4US2’ THEY BE THE SAME

-
- SIZ E’. OUTPUT OP KS ARE THE VALUES :

/AX P (X)-G (X) AND MI -V b ’ (X ) -/i - (X )

LI RE HOW
S Y V T A X : L I N E  A R R A Y  OR Z~~L I N E ’  A R R A Y
P A R A M E T E R :

RSELECT - SEL ECTS TIlE OUTPUT MATRIX OF RESID UALS.
RSELECT 1 GIVE ’S ABSCISSA VS. RSSrDU4LS (DSFA -J L,T~~1).
RSELECT� 1 GIVES FITTED VALUES VS. RESIDUALS

G R O U P :  R E L A T I O N S
D E S C R I P T I O N :  L I N E  F I T S  A S T R A I G H T  L I N E  TO A S E T  OF ( X , Y)  P O I N 1 5
BY D I V I D I N G  Til E’ P O I N T S  I N T O  3 R E G I O N S  A N D  U S I N G  T H E  M E D I , 1 N 5 ’  OS
TH E  X A N D  Y V A L U E S  I V  TI L E  O U T E R  R E G I O N S  TO D E T E R i - 4 I U S  ‘f t ~ E SLOP E ’ .
TI L E  I — V T E’ RCEPT I S  T E E  ,- 1 E D I A I J  OF T H E  O I F F E R E V C E S  Y. S L O & E X X .
ALSO COMPUTES TILE RES IDUALS A ND GIVES A/i ‘v BY 2 ‘- I A T E I X  C O N T AI ’ i I - i - G
E I T H E R  THE’ X - V A L U E S  V S .  R E S I D U A L S  OR THE FITTED VALUES VS.
RESIDUALS DEPENDING ON T H E  P A R A M E T E R , R S E L E C T .  I F  T H E  U S E R  DO ~~S
N OT W A N T  R E S I D U A L S  T Y PE D  OUT , H E  S H O U L D  U S E  T H E  S Y N T A X :

Z~ LINE A R R A Y
THE’ A R G U M E N T  A R R A Y  C A N  BE EITHER A VECTOR OR A 2 -COLU ~4N -‘4ATRIK .
IF TEE ARGUME N T IS A VECTOR OF SIZE’ N . THE K -VARIABL E I S
CONSTRUCTED TO ~~ &‘ T H E  F I R S T  N P O S I T I V E  I N T E G E R S .  I F  TIlE ’ AR G U ’4 i-~ ’~T
IS A 2-COLU M N MATRIX , T I E ’  FIRST COLUMN IS T AKE ~V TO BE THE SET OF
X -VALU E S AND TH E  S E C O N D  C O L U M N  THE SET OP Y-VALU E S . LINE CA ’I BE
USED III CONJUNCTION WITH TH E’ FUNCTION S C A T  TO P R O D U C E  T d E  S L O P E ,
TIl E I N T E R C E P T , AND A PLOT OF Ti-fE RESIDUALS. TO DO THIS , EN’ TER:

SCAT LINE A R R A Y
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L S L I N E H O w’
SYNTAX: LSLINE ARRAY OR Z÷LSLINE ARRAY
GROUP:  RELATIONS
DE SCRIPTION: LSLINE ’ DETERMI NES THE LEAST SQUARE ’S SOLUTIO ’i ,
Y=Y I+ SLOPE ’xX . THE ARGUMENT ARRAY CAN BE A V E C T O R  OR A 2 - C O L U ’~I ’t
MATRIX. IF THE ARGUMENT IS A VECTOR , THE X- VALU E ’S AR E’ T A L L y  TO
BE THE’ INTEGERS 1 TO N WHERE N~ pARRAY. IF TEE ARGU I:E”V T IS A
2 - C O L U / 4 .V M A T R I X , C O L U M N  1 C O N S I S T S  OF TIl E X -VALU E S AND CQLUL.’i 2
Th E  Y- V A L U E5 . R E S I D U A L S  A R E  D E T E R M I N E D  A N D  S T O R E D  I N  A M A T R I X
WHOSE FIRST COLUMN IS THE SET OF X - VAL UE S A N D WHOSE SECOND COLD 4i~
IS THE SET OF RESIDUALS. IF TH E  USER WANTS TO SUPPRESS PRINTOUT
OP Td E  R E S I D U A L S , H E  M U S T  A S S I G N  T H E  R E S U L T S  OF L S L I N E  TO A
VARIABLE; I.E . , TYPE Z~’LSLIN E’ ARRAY.

,- 4SD P O L I S H ,’I O W
SYiT 4X: MEDPOL ISS 1ATRIX OR Z~-ME DPOLI SH MATRIX
P A R A M E T E R S :

( 1 )  R E S I D S -  C O N T R O L S  O U T P U T  OP R E S I D U A L S . I F  1,
R E S I D U A L S  A R E  P R O D U C E D  I N  A T WO - ’iA Y  T A B L E ;  I F  2 ,
C O M P A R I S O N  V A L U E S , ( R E O .X C E ) * T V  A N D  R E S I D U A L S  A R E
P R O D U C E D  I N  A TWO C O L U M N  M A T R I X  ( D E P A U L T ~~1) .
( 2 )  EPSILON - PROPORTION BY WHICH THE SUM OF TdE
ABSOLUTE VALU E’S OF THE RESIDUALS MUST BE REDUCED AT
E A C H  I T E R A T I O N  TO C O N T I N U E  P O L I S H I N G  (DEPAULr~~o.o1).(3) NORMEF PE ’CTS - DETERMINES WHETHER OR NOT NORMALIZED
EFFECTS ARE OUTPUT. THE ’ DEFAULT OP 0 SUPPRESSES OUTPUT
OF NORMALIZED VALUES. !VORMEF FE CTS=1 CAUSE ’S ,‘IORMAL IZE ’ D
VALUES TO BE PRINTED.

GROU P : T W O W A Y
DESCRIPTION: MEDPOLISH ITE RATIVELY SWEEPS OUT M EDIANS FkO ’I T I E
RO W’S AND COLUM NS OF A TWO-WAY TABLE TO YIELD THE M ODEL:

OhS = i ’JED IAN + ROW E F F E C T  + COLU f r i - N  E F F E C T  + RESIDUAL
IT  Y IE L D S  R E S I D U A L S  F OR TESTI N G THE ADE Q U A C Y  OF THE M O D E L  (SE E
SHOWRES AND CODERE ’S). TILE F U N C T I O N  C O N T I N U E S  P O L I S H I N G  U N T I L  T H E
S T O P P I N G  R U L E  C O N T R O L L E D  BY E P S I L O N  I S  A C T I VA T E D .  T H E  O V E R A L L

— ‘4EDIAN , TILE ROW - A I D COLUMN -EFFECTS , A N D  THE S U M  OF A B S O L U T E
V A L U E S  OP THE RESIDUALS ARE G I V E N .  THE USER CAN SUPPRESS
R E S I D U A L  P R I N T O U T  BY A S S I G N I N G  T H E  F U N C T I O N  TO A V A R I A B L E , I . E . ,
BY W R I T I N G :

Z~- MEDPOLISH MATRIX
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C ORREL A T I C  N/ l OW
S YN T A X i  R + C OR RE L A T I ON  ‘1
G R O UP t  S T A T S
SUBPROGRAM : FIMT
DESCRIPTION s CORRELATION DETERM INES THE SIMPLE PEARS CN PROD UCT
M OMENT C O R R E L A T I O N S  B E T W E E N  E A C H  P A I R  OF V A R I A B L E S  RE P R ?~~ N TED D Y
THE C COLUMNS OF W. THE OUTPUT IS A C BY C CORRELATION MATRIX .

‘-1 S TAT P H OW
S Y N T A X  I / S T A T S  ‘1
Gt~CU P s  STATS
S U b P R O G R AT h  FliT
Ub,’SCRIPTiONt r~I STA TS D E TER M INES C O R R E L A T I O N S , ‘-~b ,A PdP, STA - ’IDARD
DEVIATIONS , LOWER Q U A R T I L E S , i-IEDIA Iv S , A ii -D UPPER QUARTILE S POE ~THE
C O L U ’ l f v S CF THE’ A R G U M E N T  l’JATRIX ‘1. T H E  C O R R E L A T I O N S  ARE D I S P L A Y~~D
LV AN  N BY Ii MATRIX , WHERE N IS THE N UMBER OP COLUM NS OF W .

P A R T I A L H C W
S Y N T A X:  P A R T I A L  i-V
G R O U P S  S T A T S
S U B P R O G R A M S  C O R R E L A T I O N , F I4T
D E S C R I P T I O N s  P A R T I A L  D E T E R M I N E ’ S  P A R T I A L  C O R R E L A T I O N S  OP A ,’iY
S P E C I F I E D  O R D E R  FOR T H E  C O L UM N S  OF T H E  %‘I A T R I X  N . T H E  U S E R  W I L L  BE ’
A S K E D  FOR THE C O L U M N S  TO BE P A R T I A L L E D  O U T .  T H E  US E R ’ S  R E S P O N S E S
M U S T  BE I N T E G E R S  B E T W E E N  ~ A N D  C , W H E R E  C I S  T H E  N U M B E R  OF
C O L U M N S  CF W .
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N U ! 4 S U M H O W  
—

S Y N T A X :  N UI 4 S U M  V E C T O R  OR !v’UMSU! 1 A R R A Y
PARAMETER :

M ISS- N UMBER USED TO INDICAT E ’ -‘4ISSI-v ) VALUE IN ~‘t~i. D A T A
A R R A Y  (DE PA ULT= 99999).

G R O U P :  C O M P A R I S O N S
SUBPROGRAM:  FMT
D E S C R I P T I O N :  N UM S U I I  O P E R A T E S  ON E I T H E R  A V E C T O R  OR All A R R A Y  HI l T ,
I N  A L L  C A S E S , T H E  D A T A  A R E  T R E A TE D  AS A S I N GL E ’  B A T C d .  U i - J , 4 Sf J~2
PRODUCES 4 NUMERICAL SUMMARY WHICH G IVES TEE SAM PLE ’ SIZ~ ( A P P E k
D E L E T I O N  OP M I S S I N G  V A L U E S) ,  T H E  E I G h TH S , T H E  E X T R E M E S , T I - J R
S P R E A D S , A N D  T H E  M I D P O I N T S  I N  T A B U L A R  F O R M .  T H I S  S U M M A R Y  I S
U S E F U L  FOR T E S T I N G  T H E  S Y MM E T R Y  OF A D A T A  SET , A N D  TO E V A L U A T E
TH E  E F F E C T I V E N E S S  OF D A T A  T R AN S F O R ’ 4 A T I O N S  I N  P R O D U C I N G  S Y V: i -’,E TRY .

0 1/Rh HO W’
S Y N T A X : ONE ’H VECTOR
GROUP:  SMOOTH
D E S C R I P T I O N :  O N E S  D O E S  A S I N G L E  H A I I W I N G  OF A S E Q U E N C E  OF D A T A .
IT I S  U S E D  I N  C O N J U N C T I O N  W I T H  T H E  O T H E R  S M O O T H I N G  F U N C T I O N S  AS A
F I N A L  T O U C H - U P  TO A S E Q U E N C E  OF S M O O T H E D  D A T A .  T H E  I - Ti - i  R E S P O N S E
I S  R E P L A C E D  BY 0.25xY [I~~1] + O .S’xY [I) + 0.2SxY [I+1). S E E  A 3 5  A~~’J
A 3SS R .

O N E  3 HO W ’
S YN T A X :  ON E 3  V E C T O R
G R O U P :  S M O O T i - i
D E S C R I P T I O N :  ON E 3  S M O O T H S  A V E C T O R  01 ” D A T A  U S I N G  O N E PASS Di”
RUNNING MEDIANS OP 3 WITH TUKEY ’S END -POINT RULE. W ’i -iE ’v SMOOTHI N G
( X ,Y) PAIRS , THE USER SHOULD USE’ AS THE ARGUMENT VECTOR THE Y
VALUES ORDERED ACCORDING TO THE MAGNITUDE OF THE X VALUES :

VE C T OR ÷ Y[ ~~X ]
IT  I S  A S S U M E D  T d A T  THE ’ X V A L U E S  A R E  E Q U I S P A C E D .  R E P E A T E D
SM OOTHING BY MEDIA N S OF 3 C A N  BE ACCOMPLISHED WITH A3 k. O U T P U T
CONSISTS OF THE ’ SMOOTHED SEQUENCE. A PLOT OF THE SM OOT H ED
S E Q UE N C E  I S  G I V E N  BY T Y P I N G :

S C A T  0 NE 3  V E C T O R
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REQ REP S/ l OW
S Y N T A X s Z~~Y R E G R E S S  X
P A R  AIv1E T ER s

~I N TE R C E P T~ D E T E R M I N E S  W HE T H E R  OR NOT AN I N T E R C E P T  T E R M
I S  TO hi- ! I N C L U D E D .  A IN T ER C E P T = 1  G I V E S  A ll I N T E R CEPT
TERM , A N D  ~I N T E ’ R C E P T = O  G I V E S  NO I N T E R C E P T .  (D E F A U L T  IS
1.)

G R CL ’P s  R E L A T I O N S
SL ’BP RO GRAMS s FNT A N D  SCAT
D E S C R I P T I O N :  R E G R E S S  DOES A M U L T I P L E  R E G R E S S I O N  A N A L Y S I S
R E L A T I N G  T H E  D E P E N D E N T  V A R I A B L E  Y TO A S E T  OF C A R R I E R S  X . THE
LEFT A R G U M E N T  I IS  A V E C T O R  OP S I Z E  N .  T H E  R I G H T  A R G U M E N T  X I S
AN N BY K M A T R I X  C O N S I S T I N G  OF N O B S E R V A T I O N S  ON E A C H  OF K
V A R I A B L E S  OR A V E C T O R  OF S I Z E  N IF  K 1 .  OUTPUT C O N S I S T S  OP A :v
A N O V A  T A B L E , R~ SQL ’ARE , S T D.  ERROR , R E G R E S S I O N  C O E F F I C I E N T S  ( T - ~b
F I R S T  C O E F F I C I E N T  IS  T H E  C O N S T A N T  T E R M  IF  ~I N TE ’ R C E P T = 1 . ) ,
T ~S T ATI S TI CS , V A R I At ~CE w C C VAR I A N C E  M A T R I X , DL ’RB iN~~W AT S O  -V
S T A T I S T I C , A N D  A V E C T O R  OF P R E D I C T E D  Y V A LUE S  A N D  R E S I D U A L S .
T H E R E  IS  AN O P T I O N  T H A T  A L L O WS  T H E  U S E R  TO I N P U T  A V E C T O R  OF ’ K
V A L U E S  A N D  USE T H E  R E G R E S S I O N  E Q U A T I O N  TO FORECAST Y VALUES . T H E
USER CAll ALSO OB T A I N  A S C A T T E R  PLOT OF T H E  R E S I D U A L S .  WIi r, v

E X E C U T I O N  T E R M I N A T E S . T H E  P R E D I C T E D  Y V A L U E S  A N D  T H E  R E S I D U A L S
R E S I D E ’  I N  T HE  N BY 2 M A T R I X  Z .

S T A T I S T I CS H O W
S Y N T A X :  S T A T I S T I C S  V E C T O R
G R O U P :  S T A T S
SL ’B P R O G RAM :  1 ”MT
D E S C R I P T I O N s  S T A T I S T I C S  D E T E R M I N E S  T H E  M E A N , V A R I A N C E , S T A N D A R D
D E V I A T I O N , C O E F F I C I E N T  CF V AR I A T I O N , L O W E R  A N D  U P P E R  Q U A R T I LE S ,
M E D I A N , TRIMEA N , MIDI~4E A N , MIDRANGE . R A N G E , ‘~E A N  ABSOLUT E
D E V I A T I O N , I I v YR ’ R Q U A R TI L E  R A N G E , S K E W N E S S , A N D  K L ’h T O SI S  FO R TE E. .
D A T A  I N  V E C T OR .
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S C A TH O W ’
SYNTAX : SCAT A R R A Y
P A R A M E T E R S :

(1) dID~ CONTROLS TIL E H O R I Z O N T A L  S I Z E  OF Til E D I S E ~LA Y
( D E F A U L T = 3 0  C H A R A C T E R S ) .  - -

(2) D EP ~ C O N T R O L S  T H E  V E R T I C A L  SIZE. OP TILE DISPLAY
(D E ’ F A L ’L T = 1 5  L I N E S ) .
(3) NDIVX , ND I VY~ NU M B E R OP UNIT S O N K -  A N D  Y - A Xt ’,S ,
R E S P E C T I V E L Y  ( D E F A U L T = L ~,~~) .

GROUP :  R E L A T I O N S , SMOOTH , COMPARISONS
DES CRIPTION : SCAT PRODUCES A SCATTER PLOT OF THE ,’ DATA CONTAI NED
I N  A R R A Y .  T H E  A R G U M E N T  A R R A Y  C A N  BE A V E C T O R  OR A MATRIX W ITH 45
M A N Y  AS 9 C O L U M N S .  I F  A V E C T O R  OP S I Z E  N , T H O S E  V A L U E S  A R E
P L O T T E D  V S .  T H E  I N T E G E R S  1 TO N ;  I F  A M A T R I X , T H E  S E C O N D , T H I R D ,
ETC . C O L U M N S  ARE P L O T T E D  VS .  C O L U M N  1 ON T dE  S A M E  A X E ’ S .
D I V I S I O N S  ON T H E  A X E S  OP TI L E  PLOT ARE NO T E X P L I C I T L Y  P R I N T E D ,
E X C E P T  AT T H E  E X T t ~E i ’JR’S OF T H E  P L O T .  THE’ U S E R  C A N  C O N T R O L  T H E
R E S O L U T I O N  OP TIl E PLOT BY M O D I F Y I N G  T H E  P A R A M E T E R S  H I D , D E P ,
N D I V X  A N D  N D I V Y .  P R I N T I N G  T I M E  I N C R E A S E S  D R A M A T I C A L L Y  W I T H
R E S O L U T I O N ;  T H E R E F O R E , O T H E R  PLOT P R O G R A M S  S H O U L D  BE U S E D  I F  H I G H
R E S O L U T I O N  IS  D E S I R E D .  FOR A S I N G L E  G R O U P  OP D A T A , T H E  NUMBER N
( 2 � N � 9 )  W I L L  BE P R I N T E D  IF  N P O I N T S  L I E  CLOSE’ T O G E T H E R  ON T H E
D I S P L A Y .  FOR M U L T I P L E  PLOTS ON THE’ S AM E  D I S P L A Y , TH E ’  L E T T E R  A
R E P R E S E N T S  GROUP 1, B RE P R E ’S L VTS G R O U P  2 , ETC . F O R  2 P O I N T S
C L O S E  T O G E T H E R  THE ’ L E T T E R  W I L L  BE P R I N T E D  W I T H  AN U N D E R S C O R E ’ .
T H E  D I S P L A Y  C A N N O T  H A N D L E  3 OR M O R E  P O I N T S  C L O S E  T O G E T H E R  Tb’
T H E R E  A R E  M U L T I P L E  P L O T S .
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S H O WR E SI I O W
5Y~v T A X :  S H O W N / l B  M A T R I X  OR S d O WR E S  ? ‘I E D P O L I S P I  M A T R I X
S U B P R O G R A M :  A N D
G R O U P :  T W O WA Y
D E S C R I P T I O N :  S H O W R E S  A I D S  I N  T H E  A N A L Y S I S  OF R E S I D U A L S  F R O ~4
MEDIA N POLIS HING A TWO-NAY TABLE . THE USER SHOULD SET R E SI D S 1
I N  M E D P O L I S H  I F  S H O WR E S  I S  TO BE U S E D .  TI l E O U T P U T  OP SH O W R E S  I S
A M A T R I X  C O N S I S T I N G  OF T H E  S Y M B O L S  0 0 0 X X  D E P E N D I N G  ON THE’ S I Z E S
OF T HE  R E S I D U A L S .  LET N R E P R E S E N T  T H E ’  R E S I D U A L , M T I L E  M I D S P R E A D
OF A L L  R E S I D U A L S , L T H E  LOWER Q U A R T I L E , A N D  U TIlE UPPER QUARTILE.

TI L E  C O D E S  A R E  P R I N T E D  AS F O L L O W S :
0 :  R < L—1. 5M J
0:  L- 1.5M�R�L -M
°:  L -M<R < U+M
x :  U + M � R � U + 1 . S M
X :  h >U + 1. 5M

SP L I T H  OW’
S Y N T A X :  SPLIT A 3R VECTOR
G R O U P :  S M O O T H
D E S C R I P T I O N : S P L I T  DOES O N E  P A S S  AT D I V I D I N G  -‘4 E SAS  (P A I R S  OPF - A D J A C E N T  P O I N T S  W I T H  A C O M M O N  V A L U E  W H I C H  I S  A L O C A L  ~A X  OR M I V )
U S I N G  T1J K E Y ’S  E N D - P O I N T  R U L E .  IT  I S  U S E D  I N  C O L V J U V C T I O N  WI T H
A 3R .

89

_ 
- 

---



- -~. - —~~~~~~~~~~~ -—~~
,- - - - -- --5’ --,-- --,— ’ - - - ‘ - -

~ _____- - -

STEMLEAP H OW
SYNTAX: STEMLE ’AF VECTOR
GROU P : DISPLAY
P A R A M E TE R S :

( 1 )  W I D T H -  C O N T R O L S  T H E  W I D T H  ( C H A R A C T E R S  P E R  L I V - ~ ) (
~) b’

TI L E  D I S P L A Y  ( D E F A L I L T = 7 0) .
(2) SCALE- VARIES THE DEPTH (STEM INTERVAL) OF THE ’
DISPLAY IN UNITS OF 1, 2, OR 0 . 5  T I M E S  A P O W E R  OP 10.
SELECT AN I N T E G E R  PROM 1 TO 3 ( D E P A U L T = 1 ) .

SU B P R O G R A M :  LIT
D E S C R I P T I O N :  S T E f r J L E A F  G E N E R A T E S  A S T E M  A N D  L E A F  D I S P L A Y  OP A
VE CTOR OP OBSERVATIONS. THE FUNCTION AUTOMATICALLY SCALES Ti~
DATA USING A SCALING ROUTINE BASED ON THE ’ RANGE ’ AND SIZE ’ OP THE
D A T A  VE C T O R .  BY V A R Y I N G  T H E  S C A L E  P A R A M E T E R  THE’ U S E R  C AN  C H A N G E
Th E  S I Z E  OF TdE  S T E M , BUT IT W I L L  N O T  N E C E S S A R I L Y  BE S C A L E D  ti-Y
T I L E .  A L O U N T  S P E C I F I E D .  TRY V A R I O U S  V A L U E S  L I K E  1, 2 , A N D  3 TO S E E
‘/ ‘?I CIL C H O I C E  Y I E L D S  TI l E  BEST D I S P L A Y .  I F  A L E A F  C O N T A I N S  TOO
VAi ,’Y CHARACTERS TO BE PR INTED ON A LIVE, TIl E L I N E  W I LL  BE
TRUNCATED AND THE NUM BER OF TRUNCATED CHARACTERS WILL BE WRITT L -~AT T H E  E N D  OF T H E  L I N E .  I F  T IL E ST E M I N T E R V A L  IS TWO TI M ES A
P O W E R  OF T E N , TI l E L E A V E ’ S M A Y  C O N T A I N  T H E  C H A R A C T E R S  A , B , C , . . . ,J
I~I A D D I T I O N  TO T H E ’  D I G I T S  O ,1,... ,9 .  I N  T H I S  C A S E , TEL
C H A R A C TERS .4 TO J R E P R E S E N T  THE NUMBERS 10 TO 19.

T’/ICE’IIOW
S YN T A X : T W ICE V E C T O R
G R O U P :  S M O O T H
S U BP R O G k A~i5’ : O N E 3 , S P L I T , . 4 3 R S R
DESCRIPTION: TWICE S~19OT,IS A S&QUE’~CE OP D A T A , TH EN S’~O0THS Tdi~
RESIDUALS A IID ADDS TILE SMOOTHED RL’ SI O UALS ~ A ’ E  10 THE S -IOOTHED
D A T A  TO O B T A I N  T H E  F I N A L  S ”I O O T H .  T H E  S ’~O O J ’ H I N ’  I S  D O N E  U S I N G
4 3 R S R .
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R D I ~F A U L T  VALUE ’ S OF TH E ’  P A R A M E T E R S ;

PT-
15

0 SETh
2 0

E P S J T L O  ‘v
0 . 0 1

L S N O T  ~
50

‘jIGS
— 9 9 9 9 9

~DIIX

:IDIVY
L4

3

H U E
2

OPTI ON

ItESTDS
1

SC A L
1

kSEL ~~CT
1

N ~
‘ B

30

~/IuTd•
~0

AI ~- i TE h C E P T
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F~ 5 9F2AD A063 1*5 NAVAL POSTGRADUATE SCHOOL MONTEREY CAL
A USER’S GUIDE TO THE 0*36
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DAT E
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VA N D[L ]]V
V L~-A AND B;C ;D

[1) + ( ( ( 2 < p p . 4 ) v 3<ppB) , 0~~ppB)/  1 7 3
[ 2 ]  B~- ,b
[3]  + ( ( ( 3 : p p~~)A 1~~1ppB), 2~~p p A ) /  17 7
[4 ]  A’-,A
[5]  + ( A / ( ( p A ) x 1 ,D) , 1xD~~1 p 2 ~ ph)/ 16
[6] A÷( ( ( Dx p A ) L D I pA ) , 1)pA
[7 ]  +( 1�pp L ,)/ 9
[ 8 ]  34- ( ( ( p 8 ) 1 ( 1~~p 8 ) x 1p p A ) ~~1) pd
[9)  ÷ ( (A / Dx 1 , 1p pA ) ~~1~~D4~1p 2 4 o 8 ) /  16 11
[10] B~- ( 3 = p p B) p 1) , ( 1p pA ) , 1ptt~p8)pB
[11] +(3 p p 6 ) / 14
[12] L4- (((C4-1p4~p A )p O) , (1p ~~p B)p 1)\B
[13] +0xp p L[~~iC]÷A
[14) L÷ (1 ,((C’~-1p 4 ’p A)p0) , ( 1+1p~~p b) p 1)\B
[15] •OxppL[ ;;1+ tC]i- A
[ 16]  ~~~~~~~~~~~~~~~~~~ OF AND ARb !vOT C ’ONFORMA bLb .’
L 1~~] ‘AN ARGUt~lEV ~f OF A i~D IS OF ThPkO1~ R RA NK .

V

V A NOV A [J ] V
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

LOCK
[i i  I~’PJT
[ 2 ]  SUt~iS~V

V A 3k [ Li J V
V Z -A3h X ; Y 1 ; 7 2 ; X 1 ; X 2 ; N ; C ’

[i i  Z~ OL~E3 X
[2]  - * lx ( p p p X + - Z ) x O � + /  I Z~ X

V

V A 3 R S k [ L i )V
V ~~-A3 k SR X

Li ] X~-A 3 R X
[2 )  ~‘-A 3R SPLIT X
[ 3 ]  • 2 x ( p p p X ~-Z ) X O X + / I Z . X

V

- ~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~
. 

-—--~ - - - -~~~~~~~~
- - - -  _____



VBOXPLOT[O]V
V Z÷8OXPLOT X; L ;U;d

Ii] X~~(+1 2 0+U~~L)x ((U+1/ , K)wLE ;VG TIik L/ . X) + ,Xx t~
t
~( Th1 1

[2] O.1XLO .5+1OXL;(OIL&NGTtI ’6)p’ ‘ ;0.lxLO .5+1OXU
[3]  + 9 x t O ~ (j~~L[ 4] Z~ LENGT d FILL x
[5]  Jj4- t 111 I ‘[i+Z]
[6] ~~~~~~~~~ *~~ *~~~* y X  000000000 •s•••s•.. ’ [ l + Z ]
[ 7 ]  £11-LI , ’ _ IL I I _ 23456789 23456~~89’[1+Z]
[& ]  +Qxpp Z .~- (3 ,LI~,(/GTh’ )pB
[ 9 ]  ‘R At h~~ OF D I S T R I B U T I O N  I S  Z SR O ’

V

VC~JISQUAT?E[U] V
V 7’ CrIISQUARE X; DF ;C

L i ]  + 3 x t ( ( p X ) Z P T )
[2] +O xpU-.- ’L~iNGTll 1~’RROR ~ X Al ,’!) 7’ ?WST S~

’ TH b ~’ SA~M SiZE. ’
[3] C++/ ((X ~ T) *2)+T 4-Tx +/X
[ 4 ]  ‘CBI”S ~ UAi~1� VAL U fr ‘;C ; ’ DF

V

VC O D 1~RES [D]V
V Z~-CODERES X;Y; N ;~2;LW;U i/

[1] ~iJ4-pY 1-Y [~~Y4- ,X ]
[2] Qo~0 .5xY [L0 .25x3+NX~~3]+Y [10 .25x1+Nxt3]
[ 3 ) LW~~~[1]’D÷~2[3]~~~[i]
[ 4 ]  Ud~~~[3]÷D[5)  Y.- (X>LW)+ (X> ~~[1])+ (X>Q[ 3])+X > UW
[63 Z d - ’- .T o ++ ’ [i÷Yi
[ 7 ]  Z~~( (pZ [ ; 1] ) , 2 x p Z [ 1 ; ] ) p ( , Z )  ANL) , ( p Z ) p ’

V

~



________________________________________________ 
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VCOMPARIEO]V
V Zi-CO!. iPARE X; L ’ ; L ; Y; i ’I ; C ; J ; P

• [11 X + ( * 1 E 20~ VR O 1 - L) x ( ( D 1 - L 1 + f / Y) . .D F P TH x L 1 - 1 / Y+ ( t 4 I S~~�,I ) / , X) 1 x x D E P TR - 1
[2 ]  ! d + ( I j E 2 O p L 1 ,L) x ( t l . D E P T H x L) p ~~I 5 SKD E P T H . 1
[3] Z l - (D E P T H .6 x C . p X [ 1 ; ] ) p ’ ‘
[~4]  J 4- 0
[5] ~J÷,J+j
[6]  P ’-D EPTf t  F I L L  P [ 4 P ~~( P �M ) / P + X [ ; J 1 ]
[7]  Z [ ; 2~~6xJ]’- ’ 1 L _TI
[8] Z [ ; 1 + 6xJ ] i - ’ *1. j =  l x  000000000 •...... s. ’[ip1
[9]  Z[;6x1)+’ 1 i _il 23 ’$567 89 23’456789’[1’P]
[10] -, 5x~ J < C
[i i]  z~ezV

VC C N D E N S E [ U J V
V R÷ C OND E N S E  X ; I ; N ; N R ; L ’ ;Q; Z

[1] Ri-~ 0
[2 ]  L’TCOND X
[31 •Oxt (NL’M*2)
[ I I ] R + (N R ,2 ) p Z

V

V CO N T I N G E N C Y[ [ J 1 V
V CONTINGENCY F ; R ; C ; T ; E ; C H 1 2 ; D F

[i i  R~~+~ F
[2 ]  T~~+/ C ~~+/ F
[3)  El-C ..XR *T
[ul CH 12 + + / . ( ( F i , E ) * 2 ) *E
[.51 DF ~~x / ( p F ) ’1
[6] ‘CHI’.SQL’ARE VALL ’E~ ‘;C1112; ’ DF ‘;DF

V
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VC O N D E N S E [ D ] V
V R ÷ C OND E N SE  X~ I ; N ; N R ; U ; Q ; Z

Cli R÷tO
[ 2 ]  U T C O N D  X
[
~ ) +Ox t (NUfrI � 2 )
[41 R ÷ (N R , 2 ) p Z

V

VC O N T I N G E N C Y [ D ] V
V C O N T I N GE N C Y  F;R;C;T;E ;C1112;DF

Ci) R~~+~ F
[21 T÷+/C~~+/F
[3] E+ C o .xR *T
[41 C1i124-+/,((F,E)*2)*E
[ 5]  D F + x / (p F ) ~~1
[ 6 ]  ‘C1II ~ S Q UA RE  VALL’E= ‘;CH12; ’ DF ‘;DF

V

VCO RRELATION [Dlv
V R4-CORRELATZON W;Z;C;S;çjj;MEAN S; VAR

[11 C+(~~Z)+ .xZ1-W, (pW)o (MEAN +~ W)*l tp ( 2+ i~~1,PW)PW+PC ~
1-’

[2 )  R~~’B F 8 . 2 ’  F M T ( 0 , tp S ) , [ 1 ) ( t p S ) , C *S o .x S 1 - ( V A RS # +~~Z *2) *
0.5

V
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VFM T[O]V
V OL~-~ FMT R ;S;W; ê. ;G;X;T ;K;J ;.‘4;Q ;P ;D;N ;O ;L;B;V; CiI ;li

[1] N+Q+i+Ni-pR÷ (11 2+pR)pR
[2) OLi- ((i=i+M)+ i 0 xM .-M+2+lli-1<pClll-~~~, ’ , ’) pt~+’0i2345 6789 . ’

• [3] + E x t ( N ~~O~~p J ) v V÷ 1 � p S +,~~
[4) L0:+’-tVv(xpi-4xQ~~pX+pX+- ’ ‘)A’I’/ (’A’ ,O+ ’I!j ’)E S
[5)  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• +5
[6] +&+Xp S+ ’TEXT DELIMITER ’
[7] •L3 .3xx(pG +K—_ K+ (X€ l4,~~)/K)LW 1 -pX 1- (pK + (K~ O)+K) 4(..(4K)~~Q) -+K
[8] ~~:+ (Lk- ’i+G+Ke t~)/L 3 ..2x(p K)�W1-l+O1-’XA ’EK÷NK€ ’ ,‘ )/K
[9] +L3x l (Bx+ /G) *xM[ 2] +101I1~~~1(B-4- I i.Gl0)+K
[10] ÷L3.$O ,.(L+ ’Ek’I ’EK )/x W+l 0iIi .ttt (Ii..G+B~~’.’)+B1- (1~~(4~G)t 0)+K
[ii] A1- (1+pX+ ((11p~~)L (M[1]~ l l),W)+A )~ 4[12] L3:+ (llDx tBA .—’X ’EK ) ,E~~pX+..W,D1-0p P+ ((M .S ,0)x i ,W ) p X
[1 3] +L4.t—i+L,Q÷i+pR.(0 1 xpP+R[;~~M[2)l-QL!LI[2]fQxVAD])+R
[14] pl-p -I1U*L-.-L1O~~Ip + Op
[15] + L 3x t 0 J 1 - + / B 1 - ( ’B ’E K) ’v ~O P 1 - ( L 0 . 5 + N x ,P ) + N - 4 - i O *D 1 - i 0 ij i .~~t G+b
[16] L4:+ (pi+pL)/F-ppX÷(l 0 x p G i -j p T \ ’ ’) p J +j ,O ÷v/ Ti - 0 > P . 5/ P
[17] + (xL1- (orLxJ1-’z’Ex )r . x—T÷(T+o÷i+Lio.lrIp )>o+L .w.D+o+— 2 +L)/L/F ,p .

1~[18] + E + x p S - 4 - ’F I E LD  WIDT h ’
[1 9] +L4+j+t ((J[2]+L v .<O)+O#1 +101.�I& 4- (B/ ,L)+T.-10=Ip )>W .D+O+

3
• [20] T~~ ,J +P [T/t 1+,J]+L+p ipX ÷ ’E’ , ’+0 ’[Jp2 ~~xL],~~[1+~~(O p i O ) T I L ]

[21] F:+ (eIv2�Dx ’T’ e K) / I  ,N i -p X i - t , [ 1 1 , i+~~(D pi0) ’rrWx 1I IP), x
[ 2 2 ]  D~~,(.N)+(D1.x~ X[;2+D]�1+~~)0.<D+~ D.1
[23] X1-NpX,X [D/l pX÷,X]4-’
[2 4) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[2 5] p ÷Dp (,Oi-G+O)\ (,Q÷Qo .<(..G)4~~L+G+1+ pG )/ ,p
[2 6] +liD..1JVL÷ ’L ’ EK ,P[T/1D+ 1+X+p P1-P,X;] 1-’*’
[2 7 ]  P~ Xp ( ,~~O )\ (  ,Q+—X 1--Q)/ ,P
[2 8] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[29] hD:Cd+ (pK÷ ( 1+D~~0,(M[2]LpO)pD÷ (’,’=Ch )/i pCH)pCh)4~’d
[30] D÷, (M[2], X) + 0~~~i +(M [2],B)p(,~~Do .�iE÷1/D+ 1+D.. i~ D)\ k
[31] + (L O ~~VA x ~~) , p O L 1 - O L , ( ( 1 = 1 + M ) +~j x 1, W) p D , , p
[32] E : K i - ’N O  V A L I D  E ,  I ,  OR F P H R A S E 1
[33] ‘P147’ PROBLEM ‘ ,K ; ( i ,pS)pS

V
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VF I L L [ D ] V
V Z~ W FILL X;N~ D ;X 1.X2~ X3;X U;Y;I;J;5

Ci) 1&pX+X [4X~~,X 3
[2) Z1-0.5xX [L0.25X3+N x~~3)+XE10.25x1+Nx~~3)[31 S1-(Z[1)’.0.5+1,5xD),(ZCii,,0.5+D÷Z[3]~~Z[l]),Z[1][~

] .S~ LO.5+S ,Z[2),Z[3I,(z[3]+0.5+D),ZC 3i+0.s+1.5xD
[5 1 Xi’- (X2�S[1))/12-s- (X�S (23)/X+Lo.s+X
[6) 12÷ (X2>S[1))/X2
[71 X141- (X3�S [7fl/X34- (X�S[6))/X
[B) X3÷ (X3<S [71)/X3
[91 Y-4- ((X>S{2])xX~5[6i)/X
[101 Z~Wp0
[ii] Z[Z]+20+9L~~4 (1 ,X1) o.I~-~~(S+0fS1W) [i]
[12] Z[I)i-10+9L+~~( 1 ,X2)o .=I4-SCi]+%1+S[2)..s[1i
[13] Z[I)*-10+9L+4( 1,X3)o .~~I÷ l+S{6]+t1+S[7),S[6)
[14] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~[15) +18x~~O:p1’
[16) Z(J~~~1+Y)~ Z[Z+i+Y]÷9[17) z[Ii~~orJ~ Ii.iii-8
[18] Z[S[3]+~~01SC5),S[31+i]i-6
[191 Z[S[3),3[5i)i-0
[20] Z[S[4fli-1
[21) Z[S[31,S[5)Ji-Z[S[3),S[5]1+ 2 z~

V

• V I N P U T { O] V
V INPI’T;J;M;Z

[11 ‘E N T E R  N U M B E R  OF TREATMENTS. ’
[2]  J+OxK÷D
[3) ‘ENTER ~~~~ OF NUMBER OF CBS. FOR TREATMENTS 1 TO ‘;K
[43 Y~ ((MAX ~ [/N~O),K)p0
[5) +7x~~(K:pN)[61 + 4 X P P U 1 - ’RE ~ E N T 1R  COUNT VECTOR , ONE ELE ,tIENT PER TREATMENT. ’
[71 +Ox t (X<Ji-J+i)
[81 ‘ENTER ‘;N[J];’ OBSERVATIONS FOR TREATMENT ‘;J
[91 •7xppp YC;J ]÷ (MAX ,1)pZ ,(M~-MAX .p Z~ D)p 0

V
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V F A~ ; Z ; N ; X ; e d E ; i ~J ; M A X ; ~~I c J : v ; -.
[j ]  1)1-j, ’~..- % I.l-~ x . , 1-p: ..z [4z 1-p a 1
12) + A i x l ( j , < . + . ’p l )
[3 1 ~ F 1-iv E , ( ? / F �X 1 - Z [~~J ) * p F
i4 1  F , ( i , ’ z < X ) *p b ’
L S l  i - ( i /~~ X ) * p G
L61 ~I v1 -x;vF 1 -,NF o ._ iwG , (i / ;<X ) *p O
[71 L L l , 4A XX i+ ((i ,A X 1 -1/ ,F 4~(. )/5IC,~~)
[ 8 ]  4 , ;i F*,.O
191 ~~~~~~~ k ( X ) — .,( A )  ~ ‘ ; 1 / D
[10] ‘ -.L,~ F(X)—1 (X) :‘ ;L / L )

V

VLZNE [OIV . 7

V Z~ LINE W;X;Y;N; M ;P ;I;J;K;X 1 ;Y1 ;X2;Y2; F ;SL ;YI
[1] •3x~~2~~ppW
[2) W’- ~~( 2 , p W ) p ( t p W ) , W
[31 F~ (N+pX÷X [P+4X÷W (;1]1)pK~SL~ 0
[41 X14-0.5xX [I,-10.5x14p1i,X [J1-10.5x1,td1-L0.S+N*31
[51 X2+0.5xX [N ~~i~ I]~ X CN +1 ,,J]
[6] Y11-0.5X2[Z]+(Z1-ZLIZ+N+ Y+WCP 21,.F1) [J1
[71 Y21-0.5xZ [I).~(Z1-Z{1Z1- (,,M )+Y1) [J1
[81 p+(5J~~SL . (Y 2 ~~Y 1) *x 2 ~~x 1)x x
19) K~-K ’1
[ioI + 6 x %J ~c2
[i i]  yI4~0.5 x Y[L 0 .5xN +11+ (y÷ Y [4Y1-W [P;2 1~~F1) [10.5xN ~~11
[121 ‘SLOPE, ‘;SL; ’ Y~ INTERCEPTs ‘;YI
[13) Z’.-W[;21’F+YI~ SLxW [;1]
[14 1 . 1 GX t R S EL E C T : 1
[151 +0, ,Z~~~(2 ,N)p F ,Z
[16) Z’~~(2 ,N )p d [ ; 1 1 , Z

V

VLITLL]1V
V R+LIT A

• [11 R.-,’012 3456789’ [le ((1+L10•A)plO)TAJ
V
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VLSLINE[~J)V
V Z~ LSLINE X ;N ;Li

[1.) +A1x~~2~ ppX
[2] ~~~~~~~~~~~~~~~~~~~~~~~~
[3] A1;B~X [;2)~~(~~(2 ,’V)p(,XC ;1]),(iv~ 1+pX) P1 )
[ 4 ]  ‘SLOPS : ‘;B [i); ’ Y.INTERCEPT ; ‘;B[2 ]
[5] Z~~~(2,N)p(X[;1]),X [;2].(B [2I+X[;1]xB[1])

V

V iEOPOL1SH[O]V
V Z~ MEDPOLIS i~ X;k;C;N;R I ; ’~T ;~ , ‘4;S;RG;RE; C 1~.;TV

[1] R~ pX [;1][2 3  iV~ R x C~~p X [ 1; )
[3]  X 1-X i i T V 1- 0 . 5 x Z [ L 0 . 5 x N + 1 ] + ( Z 1- Z [~~21-,X ] ) [ 1 0 . 5 X N + 1 ]
[4 ]  RS1-RpO
[5]  CS -Cp O
[6] O~-5•’-+/LX
[7] Z1-(h,C)p( ,X ) [~~,X+(tR)o .xC p1xRG1- (1/,X )~~L/,X ]
[8]  X 1 - X w ( f i I 1 - + / 0 . 5 X Z [ ; L 0 . 5 X C + i ) + Z [ 10 . 5 X C + 1 J ) 0 . )

~CP 1
[9] Ri~~RE +RI
[10] Z1-~~(C ,R )p ( ,~~X) [4,~~X +(Rp 1) o .X (lC )X k G ]
[ill x1-X (Rp1)o .xCI1-+~~0.5xZ [L0.5x !l~+i;J+Z [U0 .5xk+2;)
[ 12]  CE~ CE+CI[13] + 6x tE PSILON <1 .+/ I, X -~6
[14] Z~ X
[15] + l 7x t R E S I D S �2
[16] Z1-~~(2 ,N )p(( , REo .xCE) *TV) , ,Z
[17) +21x iNORMEF PECTS O
[18) RE~ RE -’RA ~~(+/RE) *R
[19) CS~CEwCA~~(+/CE)*C[2 0] TV~-TV+RA +CA
[21) ‘TYPICAL VALUE : ‘;TV
[22] ‘ROW E F F E C T S : ‘ ; R E
[2 3 )  ‘C’O1~U ’4!V EFFECTS: ‘ ; C E

V
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V ”JSTATS [LilV
V P S S T A T S  V; Z ; C ; S ; C ~~;~i E A ! I l S ; V A h S ; N ; J

[1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[2] ‘BFB .2’ FMT (0,~~pS),[1](~~pS),C*Se .xS÷ (VAR54-+,~Z * 2 ) *

0.5
• [3] ‘~~l ’i E A N S  t!i,bF 8.2’ FNT MEANS

[4 1 ‘~!J S T D . D E V  ~!1.BF8.2’ P142’ S÷S*(N~~l)*0.5[5]  Z’ tJ~~0
[6] +ENDX t (pS)<Ji-J+1
[7]  C-’-X [~ X-~-W[;J].1
[8] +6 ,Z+Z,C~ 0.5xC [L0 .25x3+Nxt3i+C [f0 .25x1iNxt3]
[9.1 ElVD,Z~~((pS),3)pZ[10] ‘t!IL. QRTLSt!I ,8F8.2 ’ P142’ Z[;1]
[11) ‘~YJi~l E D I A N S  i!J,BF8.2’ FMT Z[;2]
[12] ‘IYIU. QRTLSI~J, FiF8.2 ’ Ff42’ 2 [;3]

V

VNL ’MSUM [[j] V
V N L ’M S Uf r J  X ; N ; Q ; T 1 ; C ~[1] CR

[2] ‘ N U t ~J E RI C A L  SI m MAR Y ’
[3 1 7Op ’~~’[4] N÷pX1-XUX1- (X�14ISS)/X4-,X ]
[5]  ‘SAMPLE SIZE =
[6 1 70p ’~~’[7]  Q+O.5xX [L0.125x7+Nx~~71+X [1O.125x1+Nx~~7]
[8 1 T1~ Q [4 ] , O ,Q[4 ] , 0 ,0 ,( ( Q [ 2 1+ Q [6 i ) * 2 ) ,Q [2 1, 0
[91 T1+T 1 ,Q [6 ] , ( Q [6 1 r ’Q [2 ] ) , ( ( Q [ 1 1+ Q [ 7 ] ) + 2 )
[101 T1~ T1,Q[1I, 0 ,QC 7 l , (Q [7 1sQ[11) , ( (X [ i J + X t N i ) * 2 )
[11) T1i-T1,X [1i ,0,X [N ] ,X [N1-.X[1i
[12] T1~ 4 5 pTi
[13) cjJ~-.- ’t.1IDPTS ,,LOQ/ 8/MIN ,,ME D I A N ,,L’PQ/ 8/MAX ,,SPR FAD S ,’
[iui ‘BF10.2 ,i!] I LI’ F M T Ti
[151 70p ’~i’

V

VON Slit Li I V
- V H~ ONEH X;A; B ;C

[I] Ai-0,X ,0
[2) c~~X , Q , O
[31 C~ 0,0,X
[L i ) ll~~~2+ (C.-B~~2x A ) *is[51 £1+-X[1],2+ll ,X[pXl

V
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VO N E 3 [ O) V
V Z~~O N E 3  X ; Y i ; Y 2 ; X 1 ; X 2 ; l i ; C  •

[ii Y1~~(3xX [2))-.2xX [3)
[2] Y21- (3xX [N,1]),2XX [ 2+N1-PX]
[3]  X 1~ Y1, 1+X
[ is] X2÷1+X ,Y2
[ 5 ]  Z÷ (Y1,X, Y 2 ) [~~~~~+1+ (C X 1<X) ’ (X� X2) C1 -X 1<X 2 ]

• V

V P AR TI A L [ U] V
V P~~P A R TI A L  ? / ; C ; C 1 N ; M ; Y; X ; B E TA

[ 1]  /4~ t 1+p~V
[2] ‘E N T E R  C O L U M N S  OF ~i A TRI X  TO BE P A R T I A L LE D  O U T . ’
[3] A1:+A2Xt0�+ /~~(C1-D)€ iI
[ 4 ]  Y~ d [ ; C I N ~~( ’i 4~ C) / i ’1 ]
[5 ]  +0 ,p P ~ C O RR E L A TI ON  R1-Y~~X + .xBE T A1- Y~ X 4 - 1 . ( 2 + ( p W [ ; C ] ) , i ) P ~’[ ; C ]
[6] A 2 : + A 1 ,p ’U NA C C E P T A B L E  V A L U E S , ENTER INTEGERS FRO .’4 1 TO ‘ ;~I

V

V S! I O W R ES [ J ] V
V Z~~St i O WR&5 K ; Y ; N ; ~n D ; L W ; L F ; U W ; U P

[1]  N~~pY~ Y [e~Y~~,XJ
[2] Q # 0 . 5 X 1 [ L 0 . 2 5 X 3 + [ , ’ X 1 3 ] + y [ f U . 2 5 X 1 + V X 1 3 ]

~3]  ~~~~~~~~~~~~~~~~~~~~
[ 4 ]  UW~~ [3]+D
[5]  LF~~LW~~D + 2
[ 6 ]  Ub~-Oid+D *2
[7] Y1- (X >LF )÷(X >Ll )+(X> Q[1 ])+(X> Q[2 ))+(X >Q [3])+ (X>U~’

)+X >UF
[ 8] Z~~’O0ooo oxX ’ [ 1÷Y ]

• [9] Z~~( ( p Z [ ; i ]) ,2X P Z [1 ))P (, Z) A N D . (pZ )p ’ ‘

V
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V I~EGRE5 SL1 ]]V
V Z-~-Y R E G RE S S  X ; N ; K ; C ; X P ~’ TN V ; X P Y ; B E T A ; R S S ; T S S ; S 2 ; ~~S S ;~, U D; D E P

[i i  X~~( 2 f ( p X ) , 1) pX
[2] X÷ (0 ,1~ i~INTERC gPT)+l ,X

• [3 ] XPXINV÷[i~(~~X)+ .xX
[is] 8ETA 1-XPXI NV+.xXP Y1- (~~X)+ .XY[5]  RSS~~((~~BE TA)+ .xXPY )~.C1- ((+,L Y) *2) +N ~~p , Y
[6] ESS÷ (TSS~~( ( ~~Y)+ .x Y)~ C)”R5S[ 7 ]  S2 1-.E S S * ( N - ’1) 7 K ’- ( p , B E T A) - ’A I N T E R C & P T
[8] CR
[ 9 ]  ‘ A tVO VA ’
[101 Q~ -~- ’SOUkCE ,DF ,S1J i~ S(~UA RE S ,r4EAN SQUAkh~,F’kATIO ’L ii]
[12] ‘,‘JREGRESSIONI!J,Iis,b51 6.4’ F~

’
~J T ( K ) , ( ,RSS ) , ( ,RSS *K), (, R5S+K~~~S2

[ 1 3]  ~~~~~~~~~~~

[14 ] ‘LI R~ SIDUAL jj,Iis ,~~E16.4’ b i i T (  (N 1) - ~K ) ,  ( , E SS) , S 2 .0
[15] ‘L!JTQTAL i!J,I4 ,B 5 1 6 . i s ’  Fi~T ( N ’ 1 ) , ( , TSS) , 0 , 0
[16]
[ 17] ‘R S~~iJ A h E :  ‘;,hSS~ TSS
[ 18]  ‘STD ERROR: ‘ ;, S 2*0 . 5
[19 ] 

~~~~‘COE b’FICIEi’iTS,T STATISTICS ’
[ 2 0] ‘P15.4’ F~ T~~(2 ,p, fiE TA )p (,B E T A ) ,( , B/ ’J T A )~~(i I ~V1-S2x XPX IV V)*

0 .5
[21) ‘DO YOU W A N T  A PR J T I VT O U T  OF T d E  V AR I A 1~CL~~CQ VARI A NCE !~A T~U,’~:?’
[22] +A1x t ’Y’ � 1-+~J
[23] ‘VARIAN CE ’COVARIAN CE !~‘iATRIX : ‘ ,~~~~~~1- ’ ’[2 4] ‘& 1 2 . 4 ’  P47’ V
[25] Al; ‘DUR bI~~’~/AT SON : ‘ ; ( + / (  (i+ ,C )~~(i + ,C’) )*2)~~+/( ,C~~Y~~x+~~x j~ , T A) *

2
[26] Z4-~~( 2 ,L v ) p ( , X + .xb~~TA) ,  ,C
[27] ~ l : ’D O YOU WA G T TO F O R E C A S T  A V A L U E  h’O h 1? ’
[28] +Clxt ‘Y ’~~1+~
[29] ‘ENTER X VECTOt? (‘ ;K; ’ VALUES)’
L 30 ]  ‘k’OR b..CAS’P OF I VALUE: ‘; ( C ~~(1~~~Ii,TERCEPT)+l ,j)+ .xSETA

• [31] ‘VAR IA IICE OF FOIECAST SRROR: ‘;S 2x1+C+ .xXPXI:~1V+ .x~ C
[32] +~i1
[33] C l : ’DO YOU ~/Ai ’iT TO SCAT RESIDUALS VS. P h’L~DICT~ D I?’
[ 3 i s ]  + Ox i ‘ iv ’~~1+L!~L35 ] D~ Po-O .5x dID~~L / 7 0 ,( 1/ ( ( O . 7 5 x .I), 3 O ) )
[ 3 6 ]  S C A T  z

V
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V SCAT C U I V
V W-.-SCAT Z;N ~ X ;Y;C ;k;L’ ;S;L;I;J;K;L ’r ;CL;G :D; LI ;A ;C;V

[11 +3x % (2 :+/2 N )v( x /N ) )~P/N4- p Z
[2] Z~~~(2 ,pZ)p ( tpZ) ,Z~- ,Z[31 Y~ ZL ; 1+ICI- 11( pZ) [211
[is] R~ p Z÷X+ ,Z [ ; 1]
[5]  L÷U~ S÷2p0
[ 6 1  J ÷ 1 s 0 x p ( D ÷ N D I V X ,N D I V Y) , B~~W I D ,D E P
[71 L1Tl i. 0 *L 10~ C L+1E 2 0 r ( ( U [ J ] 1 1/ Z ) . S [ J 1 1 - L / Z ) * D [ J 1
[81 S[J]~~L ’TxLS [J1+L1T+-L ’T[1+Z~ICL ,’UT-.-(1 2 5)xL’Tl
[ 9 1  L ’ UJ i ÷ U Tx I U [ J ] * U T
[10] L[J]i-1+Gx1 (B[J]wl) *G~~( L~[J]~~S [J1)+L1 T
[11] Z~~,Y
[121 +7x t3>Ji-J+1
[13] A~’-(~~L ) p 0
[h i s ]  X ÷ 1 + L 0 . 5+ (L [ 1] , . 1)x (X , , S [ 1 1) iL ’ [ 1 1, . S [ 1 1
[1 5] Y~ 1+L0.5+(L[2],.1)x (Y~ S [2i)IU[21wS[2i
[16] 1÷1
[17 ] +2Oxtl<C
[18] A[Y [I;11;X[IJ1i-1OIA [Y[I;11;X{111+1
[191 +18+6xR<Ii-I+1
[201 1÷1
[21] Oi-O Vi-A [Y[I;J];X [I]1
[221 A [Y[I;J1;X [I114- (1 0xV>K+ 1)~-((X i- 1)X K V)+ (K 1-35 ’.2X J)XD
[2 3 ]  +21x~~R�I.-I+1
[24 1  +2ix t C�J+J+I*- 1
[2 5 ]  O+(~~p A ) 1 1 1 1 i L 0 . 5 i ( L ” 1)x S *S~ L’
[2 6 ]  A [ ; O [ 111~~A [ ; O [ i ] ] + 3 6 x 0 ~ A [ ; O [ 1 1 1
[2 7 ]  A [ C [ 2 ] ; i + A [ O [ 2 ] ; 1 i 3 5 x 0 A [ 0 E 2 ] ; 1
[2 8] W4 ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1
[291 ‘R A N G E  OF X *  ‘ ;S[ l ] , U [l ]
[ 30] ‘RANGE OF Yt ‘;S121,L’[21

V
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V SPLIT [U ]V
V Z”-SPLIT X;P ;Q;R;S;T;N;1 ;J;C

[i i  P~~~3+ X
[21 Q4- 2+1+X

• 
- [3]  R~~~1+24X

[ i s ]  S~~3’~X[51 I÷ (((P<Q)xR>S)i (P>Q)XR <S)x Q R
[61 Q÷(X~.X [h1 ,X .X[N])[1+I÷ (Ix0)/I1-Ix t 3s -N 4-PX ]
[7) Ri- (3xQ)p2xX [I]
[ 8 ]  P~ X [Ii-21
[91 T~~(3xS+X [I+is]),,2xX [I+5i

• [10] X [I+211- (Rx 1~ J) -~(P *1 J ) + Q X 0 J÷ (C P<Q)~~(Q�R )~ C1-P<R
[ i i]  X [ I ~~3i~~( Tx 1 J ) + ( P x 1 J ) + S x 0 J 1 - ( C P < S) ~~( S � T) C1-P <T
[121 Z-’-l+ l+X

V

VSTAT1STICS[D)V
V STATISTICS R ;KB~4R~ V A R ; N ; Q ; S ; Z

[i i  XBAR+ (+IR)+N ~~p , R
[2 ]  VAR÷ (+/((R ,XBAR)*2)) *A1,, 1

r [31 S~ R[1R][4 ]  Q 1- Q . 5 x 3 [ L 0 . 2 5 x 3 p Nx t 3 ] . p S [ f O . 2 5 x 1 + P Qx~~31
[51 ‘MEAN: ‘;X BA R
[6] ‘V A R I A N C E :  ‘ ; V A R
[73 ‘S’TQ. 0EV.: ‘;S+VAR * 0.5
[ 8 1  ‘C O E F F .  CF V AR I A T I O N S  ‘ ; E * ( X I 3 A ! i
[9] ‘LOWER Q U A R T I L E :  ‘ ; Q[l l
[10] ‘UPPER QUARTILE : ‘;Q[3]
[11) ‘MEDIAN: ‘; Q [2 ]
[121 ‘TRIMEAN: ‘ ~O.25xQ [1]iQ [33i2xQ[2i
[131 ‘I4IDMEAN: ‘ ; (*pZ)x+/Zi- ((R�Q[11)A (~~�Q[ 3]))/f?
[14] ‘RANGE: ‘; (1/R) ’~L/R[is] ‘MIDRANGE: ‘;((f/k)’-L/R)-~2[161 ‘MEAN ABSOLUTE DE .IATICN: ‘; (+/tR ~ Q [21 )+N
[17] ‘I N T E R Q UA R TI L E  R A N G E :  ‘ ; Q [ 3 ] ~~Q [ 1i
118] ‘C O E F F .  OF S K E W N E S S I  ‘ ; ( ( + / ( R ~ X B A R) * 3 ) * N ~~1 ) - ~S *3  1;
[19] ‘CCSFF. OP KURTOS1S : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~V
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V STE M L E A F [ 0 1 V
V Z~ STEMLEAF X;C ;R;S ;SI;I;.J;F;A ;W;L;WW ;AA ;XW

[1] C+10*1~~L1 0•Ri-1E 20+(X [pX .1i.(X+-X[4X1-,XJ )[1i)*SCALE
[2 ]  SI~~(1+ 3x +/(R x C)> 25 50)i-+/(pX)> 25 100
[3] X+L0.5+XxCxlO*+/SI= 2 3 6
[ i s ]  F~ +/(SI=~~9)/ 0.5 2 1 1 0.5 2 2 1 0.5
[51 A~~20p ’0123is56789ABCDEFGHIJ ’,Z÷ ’’
[61 I~ FxLX [11+10xF
[71 X k /~~8~~WW~ WI D T H ~’is
[8] S~- ’~ ‘[i+J— ~X [i1�0 i
[91 L+1+ (IW÷ (X�(lOxI)+Jx 1+lOxF)/X),,lOxLII
[101 AA+A [hi.(l0 10)TILI]
[iii + ( ( p A [ L ] ) � W W) / L 1
[121 Z~~Z ,XW p S,AA , ’ I ‘, (WW+A [L]) , ’+ ’ ,(LIT( pA [L ]) ”WW) ,2p ’
[13] +L2
[is] L1 :Z~~Z ,XW p S ,AA , ’ I’ ,A [Li ,XWp ’
[151 L2z1÷I+Fxl.(I=0)xX [li<0
[16] +8x~~0<pXi- (pW )+X
[171 Z~~((L (pZ)*XW), XW ) p Z

V

V SL ’14SQ [Dl V
V SU~ti5Q ;C;N Ut4BER;B ;BLDF

[11 T~~+~~Y
[ 2 1  T S S + ( + / ( + / Y * 2 ) ) ~~C-~- ( ( + / T ) * 2 ) *N L ’M B E k ÷ + / N
[3] BLSS+ (i/ ( ( ( B i - + / Y) * 2)  *X ) ) ~.C
[ i s ]  I 4SBL ÷BLS3+ BL0F ’~ 1 4 A X - 1
[5] -*7x t (OPTION -_ 2)
[6] BLS S~ b L DF ~~0
[71 WTSS+TS5r.BLSS+BTSSi- (i/((T *2)+N))-C
[81 l4SR~ B TS 5 *K ~~1
[9] TDF~ N U M BE R~ 1
[10] F + M S R *MS E 1 - W T S S*L’D P÷T DF -BLD F ~~X - 1
[ii] BL O C K ~~( B * K ) ~~Yb A k # ( + / T) * i v L ’N B E R
[121 ‘ AN O VA TABLE ’
[131 ‘ SOURCE DF SE 145 F’
[is] C’~~~’ ’[151 ‘LI T RE A T ME N T ( ! 1 ,15 ,F 1 3 . 2 ,F 1 1 . 2 ,F 8 . 2 ’  F 1 4 T ( K~~1) ,B TS S ,M S R , F
[16] + ( O P T I C N = 1 ) / L 5
[171 ‘II BLOCKSL!1,18,F’13.2 ,F11.2 ,F8.2’ FM T (l ’JAX ”1) ,BLSS ,MSL i L , (1455L+MSE

)
[181 L5-t ’LI ERRORLI ,19-,F1 3.2 ,F11.2 ’ P142’ E D F ,WTSS ,I4SS
[19] ‘tI TOTALLI ,19,F1 3.2’ P142’ TV? ,TSE
[201 ‘iIR~ SQL’ARE = !I,F5. 3’ FM T(BTSS+BLSS)*TSS
[ 21] ‘L I C VE R A L L  M E A N  = ~ ,F10 .2 ’  FMT YBAR
[2 2 1  ‘~~TR E A TM E N T  E F F E C T S  ~ ,F6.2’ Ft ’IT(T *N) wYBAR
[231 ÷ ( O P T I O N = 1 ) / 0
[2is1 ‘LIBLOCK EFFECTS LI,F6.2’ PMT BLOCK

V
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VTdICE [D]V
V Z - ’- TdI Ct ~ X ; Y

Li ) Z~~Y+A 3RSk X- .Y~ A 3kSR X
V

V ’JTCOND [Li ]V

~l UTCOND X
[1] X1- (2p (pA ),1)pX
[2] Z~- ’’
[~~1 .T .. -OxNR ~~( p X ) [ 2 ]
[ S i  1s~-pU 1-iJ[~~(J~- (U� i ’1ISS)/ U1-X [;I+1]]
L5 ] ~..0 5xU[10.125x7+Nxt7]+U[10.l25x1+Nx~~7]

~~6]  -.~7+2x 1N fJ’~*2
i~~] z~~z ,~~[is)
[8] +4+11XNR :I.I+1
1 9] Z~ Z,Q[4),q[6]~~~[2]
[20) +4xf~R>I’4-I+1
[ii) Z~~z ,U [ 1] ,~~[2] ,~~[s],Q[6] ,U [N ] ,~l
[12) ÷4+l3xfvR=j.-i+1
113 ] Z~~Z ,U [ l ] , ~~[ 1  2 4 6  7),U [ W ] ,N
[14) ÷4+1 6xi~i~~=J~ j+1
[15] ~~~‘- ‘~Th D I A ! vS ’
[16] +OxpJ÷ ’F10.2’ F;~T Z~~( N R ,1),oZ
[17] Z~~( N k , 6 ) p ~
[181 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[1~3] 

±Oxpjj~- ’Fj 0.2’ P-4T Z
12 01 ~~ ( i i ,8)p Z
[211 ~g1-’M.TA ,LO8,tO~4,NE 0TA[i,fJPQ,/JP8,~zAX ,SiZE’
[2 2 )  j

~~’E 9.2’ b’MT ZV
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