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PREFACE

— A Pp—Pp—Pp—Pp——Pp—Pp—P——P—

The Matrix Operations Read-Only-Memory (ROM) can be
purchased as an accessory plug-in block or as an internal
modification to the calculator.

_The Plug-in Version:

The 11270B Matrix Operations ROM block is installable
by the user. It plugs into any of the five slots behind
the ROM door on the left side of the calculator.

The Calculator Modification:
The Option 270 Matrix Operations ROM must be
installed by qualified HP personnel. When it is installed,
a decal showing the option number (Option 270) is
attached to the inside of the ROM door.

Should you wish to add the option after you have
received your calculator, please order accessory number
HP 11270F from the sales office nearest to you (see
the inside back cover of this manual). The Option 270
will then be installed for you by our field personnel.

Once either version of the ROM (the plug-in block or the
internal modification) has been installed, the operation is
identical. Therefore, this manual makes no further distinc-
tion between the two types of ROM.
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Chapter 1
INTRODUCTORY DESCRIPTION

The Matrix Operations Read-Only-Memory (the Matrix ROM) provides additional capabili-
ties to the Model 30, permitting mathematical operations upon matrices, useful in
physics, engineering and statistics operations. It also provides special programming
technigues useful in processing any kind of data in tabular or array form.

Computer
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—~—o—o—<o—< EQUIPMENT SUPPLIED o< < <

One Operating Manual, -hp- Part Number 09830-90004, is supplied with the Matrix ROM.

—~&—&—<—< INSPECTION PROCEDURE —&* < <

Refer to Appendix A in the 9830A Calculator Operating and Programming Manual for
the procedures used to verify the operation of ROM'’s.

—&——< INSTALLING THE PLUG-IN BLOCK —&* <<

The complete procedure to install a plug-in block is in the Operating and Programming
Manual for the 9830A Calculator. Following are some reminders:

The block can be installed in any of the five ROM slots.
Switch the calculator off before installing or removing a block.

The label on the block should be ‘right-side-up’ and facing the ROM door
when the block is properly installed.

Ensure that the block is properly mated to the connector at the back of
the slot before switching the calculator on.

—~&——<—< OTHER REQUIREMENTS <+ <% < -

It is assumed that you are already familiar with BASIC programming and with the
operating procedures for the HP 9830A Calculator.
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Chapter 2
CHARACTERISTICS OF MATRICES

A table of data, or any collection of data elements arranged in rows and columns, is
known as a matrix. A list of data, or any collection of data elements arranged in a single
column or row, is known as a vector.

Here is an example of a matrix:

GRADE BOYS GIRLS

1 10 7
2 9 8
3 9 10
4 7 9
5 7 10
6 9 1

Here is an example of a vector:

TEST SCORES
93
85
79
89
68
95
100

—o—o—o—o—o—o- MATRIX NAMES <22 <2 <o <o

A matrix name consists of any single letter from A through Z, hence, up to 26 matrices
can be assigned at the same time in one program.

2-1
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—~—o—<—<—< MATRIX DEFINITION <<

To reserve storage space for arrays {matrices and vectors), a DIM or COM* statement is
used. Arrays not mentioned in a DIM statement are assumed to have 10 elements if they
are one-dimensional, or 10 rows and 10 columns if they are two-dimensional.

The number of elements in a vector, or the number of rows or columns in a matrix, must
be specified as an integer from 1 to 256 in a DIM statement as:

In statement 10 above, Array A is a column vector of 100 row elements.

In statement 20, Array B is dimensioned 75 rows by 5 columns. This row-column
convention exists throughout this manual.

In statement 30, Array C has the same number of rows and columns, and is square. A
square matrix is any matrix having the same number of rows and columns. Some matrix
operations, such as inversion, can be performed only on square matrices.

Generally, the operations which apply to matrices also apply to vectors. So it is
convenient to think of a column vector of n elements as an 'n by 1’ matrix, and a row
vector of n elements as a ‘1 by n’ matrix.

In this manual, arrays, whether they are one-dimensional or two-dimensional, are referred
to as matrices. A distinction is made only when special rules apply to the use of vectors.

Space can be saved when sforing large quantities of array data by specifying integer or
split precision. This is because while full (normal) precision requires four words of
calculator memory per array element, split precision requires two words and integer
precision requires only one word per array element. Split and integer precision are
specified in the DIM statement as shown below,

Although calculator memory space can be saved when storing data by using integer and
split precision, the determinant and inverse of a matrix should be performed only
on full precision matrices. This is because, when integer and split precision are specified,
errors due to reiterative internal rounding are multiplied during complex operations and
often contribute to illogical results. Therefore, specify full precision matrices whenever
possible, split precision with the greatest care, and avoid integer precision when inverting
or finding the determinant of a matrix.

* The COM statement can also be used to reserve storage space for arrays, but must be the first statement entered into
the calculator memory. Refer to the Model 30 Operating and Programming Manual for more information about the COM
statement.



—~—<o—<—<+—< MATRIX BOUNDARIES &+ << <<

The working size of a matrix can be smaller than its physical size, which is the space
reserved in the DIM statement. For example, a matrix specified 20 by 20 in a DIM

statement can be used to store fewer than 400 data elements; the DIM statement
supplies only an upper bound on the number of elements,

Computer
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Chapter 3
INPUT AND OUTPUT OF MATRICES

This chapter describes some of the methods for storing a table or a list of data in a
matrix and for printing a table or list of data from a matrix.

—&—¢—<—< THE INPUT STATEMENT << <<

The INPUT statement, with the FOR and NEXT statements, makes it easy to enter a
matrix from the keyboard. The following instructions enable a 5 by 3 matrix to be
entered one row at a time.

—&——¢—<—< THE READ STATEMENT <<+ —<o <

You can include the values to be stored in a matrix in program DATA statements, and
can use the READ statement, with the FOR and NEXT statements, to read the matrix.
With the following instructions, a 3 by 2 matrix is read.

——<—<—¢ THE PRINT STATEMENT &< <<

The PRINT statement provides control in printing of headings and other information
with a matrix. Using the following instructions, the data in the 3 by 2 Matrix A, above,
can be printed and labeled.




—&—&—<—< THE MAT READ STATEMENT <o <<+

Syntax:
MAT READ matrix name [(expression[,expression]}] ...
Although matrix values can be assigned individually by using the READ statement, the

MAT READ statement is easier to use because it causes an entire matrix to be read. To
read a 3 by 2 matrix with the MAT READ statement:

The MAT READ statement causes the matrix to be filled from the DATA statement in
the conventional row-column order: 1,1; 1,2; 2,1; and so forth.

A new working size {(an implicit REDIM statement — see Chapter 4) may be specified, as
in statements 20 and 30 above, but must be within the limits of the DIM statement.

If no size specification is included, as in 10, above, the working size of the matrix is
assumed to be its current physical size. If your program does not contain a DIM
specification and the working size is not specified in the MAT READ statement, a 10 by
10 matrix is assumed and the first 100 elements in the DATA statement are used, or a
10 element vector is assumed and the first 10 elements in the DATA statement are used.
For example, the statement A(b) = 32 causes a vector to be assumed.

More than one matrix name can appear in a MAT READ statement, as in statement 40,
above.

—o—o—<o—<o THE MAT PRINT STATEMENT —&—*—¢——

Syntax:
MAT PRINT matrix name [,matrix name] . ..

Although a matrix can be printed element-by-element by using a PRINT statement, the
MAT PRINT statement is easier to use. The MAT PRINT statement causes an entire
matrix to be printed row by row. Each row starts a new line, but when all the elements
in a row will not fit in one line, the elements overflow into additional lines. Each row is
separated by a blank line.



The spacing between row elements is controlled by the use of the comma or the
semicolon. The comma causes the matrix to be printed with five elements per line, while
the semicolon causes the matrix to be printed with up to twelve elements per line. The
punctuation after the matrix name determines its spacing on a page. If there is no
punctuation the matrix is printed with five elements per line.

A one-dimensional array, or column vector, is printed one element per line with double
spacing between lines.
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Chapter 4
MATRIX OPERATIONS

The operations discussed in this chapter are designed specifically for use with matrices.
However, all BASIC language operations that can be performed on simple variables can

also be performed on array variables or matrix elements; such as {F, WRITE, SQR, ABS,
etc.

—~—o—<—<— ADDITION OF MATRICES o<

Syntax:
MAT matrix name = matrix name + matrix name

The corresponding elements of two matrices can be added by using a MAT (Matrix)
command: '

The actual dimensions of A,B and C must be the same. Each element in A is added to

the corresponding element in B and the result is stored in the corresponding position in
C.

Calculator memory space can be saved if the result is accumulated in one of the matrices
already containing data, such as Matrix X in:

Each element in Y is added to the corresponding element in X and the result is contained
in X.

If Matrix A is a 2 by 3 matrix containing:

3 6 2

4 1 5
and Matrix B is a 2 by 3 matrix containing:

2 4

5 3 1

4-1
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—&—¢—<—< SUBTRACTION OF MATRICES <&+ —<*—<——<

Syntax:

MAT matrix name = matrix name — matrix name

The corresponding elements of two matrices can be subtracted:

As in the addition of matrices, all three matrices must have the same actual dimensions.

——<— SCALAR MULTIPLICATION OF MATRICES —o—=

Syntax:
MAT matrix name = (expression) * matrix name
Each element in a matrix can be multiplied by a number or by the value of any

arithmetic expression. The number or expression must be enclosed in parentheses and
must precede the matrix name:

Each matrix must have the same actual dimensions if more than one matrix is named. In
statements 120 and 130, above, N is a simple variable.

—~o—<—<—<—+ COPYING MATRICES o< <o

Syntax:
MAT matrix name = matrix name

For an exact copy in Matrix A from Matrix B:

Each matrix must have the same actual dimensions.



—o—o—o—o—o—o EXAMPLE 1 oo o

Below are two tables containing the Math, Science, and Reading grades achieved by five
students during two quarters of one school year.

First Quarter Second Quarter
Student Student
No. Math  Science Reading No. Math  Science Reading
1 80 85 78 1 78 81 80
2 71 80 72 2 73 82 88
3 97 92 83 3 93 90 85
4 77 82 98 4 81 88 94
5 93 94 98 5 91 90 84

We will use the grades in the first quarter for Matrix A, and in the second quarter for
Matrix B:

Matrix A: Matrix B:
80 86 78 78 81 80
71 80 72 73 82 88
97 92 83 93 90 85
77 82 98 81 88 94
93 94 98 91 90 84

If the statement MAT C=A+B is executed, Matrix C contains:

158 166 158
144 162 160
190 182 168
158 170 192
184 184 182

The grades for each student in each class have been added. We can now find the average
of the two term grades for each student in each class:

An expression and a scalar multiplication are used here; the result in C is now:

79 83 79
72 81 80
9% 91 84
79 85 96

92 92 N
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oo oo EXAMPLE 1 oo oo —o

{Continued)

The matrix now represents the average grade for each student in each of the three
subjects:

Average Mid-Year Grades

- Student No. Math Science Reading
1 79 83 79
2 72 81 80
3 95 91 84
4 79 85 96
5 92 92 91
NOTE

Only one operation is performed in a MAT command. You cannot say
MAT A = (1/2)xB+C, but must perform two separate steps:

MAT A=(1/2)+B

MAT A=A+C

—o—o—<o—o— MATRIX MULTIPLICATION —o—<o—<o—<o—
Syntax:
MAT matrix name = matrix name * matrix name

Matrices can be multiplied only when the number of columns in the first matrix equals
the number of rows in the second matrix.

The matrix to the left of the equals sign must not appear to the right of the equals sign,
(i.e., you cannot say MAT X=XxY),

Unless you have already been introduced to matrix multiplication, you might assume that
standard arithmetic rules are followed; however, this is not the case. In matrix
multiplication, for MAT C=A+*B, the elements in each column of Matrix B are multiplied
by the corresponding elements in each row of Matrix A. The row products are then
added together and stored in the appropriate row and column of Matrix C. Following are
several examples of matrix multiplication.

Below is a table of ticket sales for four bus routes, and a table of ticket prices for the
three kinds of tickets. Matrix multiplication can give you the total sales for each route.

Table A. Ticket Sales by Route Table B. Ticket Prices
Single Round
Route Trip Trip Commuter
1 143 200 18 Single Trip .25

2 49 97 24 Round Trip .45
3 314 77 22 Commuter 18.00
4 82 65 16



Here are the instructions to read the values in Tables A and B into Arrays A and B,
respectively, and perform the matrix multiplication (MAT C=A=*B).

After A and B have been multiplied, Matrix C contains the total sales, in dollars, for each
route: C(1) contains sales for Route 1, C(2) contains sales for Route 2: and so forth.

Matrix C:

449.75
487.90
509.15
337.75

(.25%143+.45+200+18+18)
(.25+49+.45+97+18+24)
(.25+%314+.45+77+18+22)
(.25+82+.45x65+18*16)

In the above example, a 4 by 3 matrix, Matrix A, is multiplied by a 3 by 1 matrix,
Matrix B, giving a 4 by 1 matrix, Matrix C.

Suppose a price change is being considered, and Matrix B contains two columns of ticket

prices:

Single Trip
Round Trip
Commuter

Old Price New Price
.25 .30
.45 .50
18.00 17.00

Then Matrix A, a 4 by 3 matrix, multiplied by Matrix B, a 3 by 2 matrix, results in

Matrix C, a 4 by 2 matrix:

449.75
487.90
509.15
337.75

448.90
471.20
506.70
329.10

(.30+143+.50+200+17.00+18)
(.30*49+.560%97+17.00+24)
(.30%314+.50+77+17.00+22)
(.30+82+.560+65+17.00+16)

Here are the instructions to perform this multiplication. Note that the DATA in
statement 30 has been rearranged.
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——<o—<o—< MATRIX MULTIPLICATION <+ << <

{Continued)

Mathematically, the product of two matrices, MAT C=A=*B, is represented as follows:

N
C(I,K):Z A(l,J)*B(J,K)

J=1

Where N is the number of columns in Matrix A, and rows in Matrix B.

For any matrix multiplication, MAT C=A=B, if the dimensions of A=(P,N) and B=(N,Q},
the result is a matrix of dimensions (P,Q). For example, a 5 by 4 matrix multiplied by a
4 by 1 matrix results in a 5 by 1 matrix. Remember that the value of N, above, must be
the same in the two matrices: you cannot multiply a 5 by 3 matrix by a 5 by 3 matrix,
but you can multiply a b by 3 matrix by a 3 by b matrix, or you can multiply a 3 by 5
matrix by a 5 by 3 matrix. However, the result of MAT C=B*A is not necessarily the
same as MAT C=A+B.

—~—<—< TRANSPOSITION OF MATRICES —& <o

Syntax:
MAT matrix name = TRN (matrix name)

The transposition of a matrix causes the rows in the matrix to become columns, and the
columns to become rows:

The same matrix cannot appear on both sides of the equals sign. The actual dimensions
of the transposed matrix must equal the reverse of the dimensions of the original matrix,

that is, if the dimensions of B=(P,Q), transposition of Matrix B results in a matrix of
dimensions (Q,P).

The transposition of:

2 3
4 5
. 6 7
1S:
2 4 6
3 5 7

Row 1 in the first matrix becomes column 1 in the second. Then row 2 becomes column
2 and so on.



Below are some examples which make use of matrix transposition.

Suppose you have a table of quantities of three product lines sold at four locations, and
a second list consisting of prices for each product line.

Table A. Product Sales by Location Table B. Product Prices
Location Prod 1 Prod 2 Prod 3 Product Price
1 7 2 6 1 5
2 3 8 9 2 2
3 10 5 4 3 1
4 3 1 2

Table A is read into Matrix A, and Table B is read into Matrix B with the following
instructions:

Matrix C is now a column vector containing 4 elements, C(1,1) is the sales at location 1,
Cl(2,1) is the sales at location 2, and so forth.

To obtain a printout of sales by product at each location, and the total sales at each
location, both of these matrices must be transposed:
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<< EXAMPLE2 =+ <+ <+ << <

A magazine publishing company has a table of distribution for magazines by region.

R Table A. Magazine Distribution by Region
Region Magazine A  Magazine B

1 200 50

2 150 45

3 250 60

A table of magazine cost-per-copy is used to determine the amount invested in each region:

Table B. Cost-per-copy by Magazine

Magazine Cost-per-copy
A .32
B .18

Here is a program used to read the data and perform matrix multiplication to determine
magazine cost by region.

The data contained in Matrix A is now to be used to determine the number of

complimentary copies to be allotted to each region. A table of percentages by region is
used:

Table D: % Complimentary Distribution by Region

Region % Complimentary
1 15
2 13

3 21



The data from table D is contained in Matrix D. To perform a matrix multiplication, the
columns in the first matrix must match the rows in the second matrix, (i.e., both must
represent ‘region’). To meet this requirement, Matrix A is transposed and stored in Matrix
E. Here are additional program steps for this second matrix multiplication.

Computer
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Here is the result;

~o—&—&—- THE CONSTANT MATRIX —*—*—o—
Syntax:
MAT matrix name = CON [(expression[, expression] )]

A constant matrix is any matrix with all elements equal to 1.

The statement MAT B=CON(3,3) results in the following 3 by 3 matrix:

T 1 1
T 1 1
T 1 1

Since 1 has a logical value of ‘true’, the constant matrix is useful for logic initialization.

If no subscripts are given, the constant matrix has the most recent dimensions specified.
If subscripts are given, they cause the array to be dimensioned to the specified size.

One example of the use of a constant matrix, in summarizing a table of data, follows on
page 4-12.

4-9
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—~—<¢—<¢—<¢ THE REDIM STATEMENT <+ <<+ <

Syntax:
REDIM (expression[, expression] )

The working size of a matrix is the same as the physical size unless otherwise specified.
To change the working size, a size specification is included in a MAT READ, CON, ZER,
IDN or REDIM statement.

NOTE

When a new working size is specified for a matrix containing data, the
data is rearranged.

The following instructions create Matrix A:

Matrix A:

Matrix A has a working size of 2 by 3. The following REDIM statement changes the
working size to 3 by 2.

Matrix A is now:

When you have a large program, a matrix which is no longer used can be redimensioned,
thus using the same space in the calculator a second time.



Matrix A is a 2 by 4 matrix containing student absences for the school year as follows:

First Quarter Second Quarter Third Quarter Fourth Quarter
Boys 62 85 73 81
Girls 70 87 65 83

The average of absences for boys and girls for the school year is calculated:

Matrix A is now to contain total enroliment by month, and average enroilment is to be
calculated:

Another use of the REDIM statement is shown later in Example 4, lines 40 to 90, where
a matrix initially contains two rows of elements supplied by a MAT READ statement.
After the REDIM statement is used, the matrix contains four rows of elements; and the
values of the elements in the third and fourth rows of the matrix are obtained from
calculations.

4-11
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oo oo EXAMPLE 3 2o

Suppose you have a table of inventory values by stock number at five branch stores, as in
Table A, below.

Table A. Inventory Value
Stock Number Branch A Branch B Branch C Branch D Branch E

1 52.80 35.20 31.68 26.40 26.40
2 37.50 31.25 25.00 23.75 18.75
3 8.25 6.60 6.60 4.95 3.30
4 11.76 10.50 8.40 8.40 6.30

The following instructions are used to establish the 4 by 5 matrix, Matrix A, then to
calculate and print the total inventory value for each stock number.

Matrix A is multiplied by the constant matrix, Matrix B, to give the total value across
each row in A: 1%52.80+1%35.20+1+31.68, and so forth.

The following instructions use the above Matrix A, and calculate and print the total
inventory value for each branch store.

In these instructions, Matrix C is transposed before it is printed. The stores can then be
used as column headings so that the results are easily identified.



—-o—o—o—<o—< THE ZERO MATRIX o —-—<o—< <
Syntax:
MAT matrix name = ZER [(expression{,expression]})]
A zero matrix is any matrix with all elements equal to zero.

The statement MAT B=ZER(3,3) results in the following 3 by 3 array:

0 0 O
0 0 O
0 0 O

Since 0 has a logical value of ‘false’, the zero matrix is useful for logic initialization.

If no subscripts are given, the zero matrix has the most recent dimensions specified. |

subscripts are given, they cause the array to be dimensioned to the specified size.

Here is an example of the use of the zero matrix. Table A contains the grades received in
Reading by 20 students. Below is a program to read the grades and print out the number

of students receiving each grade.

Table A. Student Grades in Reading

Student Grade Student Grade
1 93 11 b2
2 85 12 66
3 79 13 80
4 89 14 79
b 68 15 a8
6 95 16 95
7 100 17 89
8 66 18 68
9 79 19 72

10 85 20 96

4-13
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—®—&—%—<¢—¢ THE IDENTITY MATRIX <+ <+ <<

Syntax:

MAT matrix name = IDN [expression , expression]

An identity matrix is a square matrix containing zeros with a principal diagonal
containing all ones.

The statement MAT B=IDN(3,3) results in the following 3 by 3 matrix:

1 0 O
0O 1 O
0o 0 1

[f no subscripts are given, the identity matrix has the most recent dimensions specified. If
subscripts are given, they must be equal, and they cause the array to be dimensioned to
the specified size:

The identity matrix is defined as the matrix which, when multiplied by any Matrix A
results in Matrix A. It is used by mathematicians in fields such as numerical analysis in
determining the accuracy of inversions.

—~—<—<&—<¢ [NVERSION OF MATRICES <<+

Syntax:
MAT matrix name = INV (matrix name)
The inverse of a Matrix A is a Matrix B which, when multiplied by the original Matrix A,

produces the identity matrix. Both Matrix A and B should be full precision matrices to
insure accuracy. Only a square matrix can be inverted:

The same matrix may appear on both sides of the equals sign, as in statement 120,
above.

In performing the inversion, the calculator must generate an additional internal work area.
For an N by N matrix, the additional amount of internal work area required is N words of
calculator memory.

Inversions can be used to help solve sets of simultaneous linear equations. Here is a word
problem which is solved by using simultaneous linear equations:

John bought 3 oranges and 4 apples for 47 cents, and Mary bought 2 oranges and
2 apples for 28 cents. How much is 1 orange? How much is 1 apple?



4-15

We set up the following equations from the problem:

3X + 4Y = 47
2X + 2Y = 28

Using the values of the coefficients on the left side of the equations in Matrix A, we have
the following 2 by 2 matrix:

Using the values of the constants on the right side of the equations in Matrix B, we have
the following 2 by 1 matrix:

47
28

To find the values for X and Y, we use the matrix inversion command and a matrix
multiplication:

Now the price of an orange, X, is contained in C(1,1), and the price of an apple, Y, is
contained in C(2,1).

Here are the program instructions to perform the matrix inversion and print the result.

Even though a matrix is square, it may not have an inverse. A calculator error will occur
when an inversion is attempted and the matrix has no inverse. Therefore, it is sometimes
useful to insure that the matrix has an inverse by making sure that its determinant is not
equal to zero. More discussion of the determinant follows.

For a more detailed explanation of matrix inversion, you can refer to an advanced
mathematics textbook.
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—o—o—o—0—o—o- DETERMINANTS <o —2—@o—<o oo

Syntax:

DET (matrix name)

The DET function calculates the determinant of a square matrix:

A determinant is a measure of the independence of the rows (or columns) of a matrix.
The DET function returns a numerical value to an expression. For an N by N matrix, the
additional amount of internal work area required is equal to the original size of the

matrix plus N words. The matrix for which a determinant is evaluated should be full
precision to insure accuracy.

If the determinant of a square matrix of simultaneous linear equations is not zero, the
system of equations has precisely one solution; that is, the inverse of the matrix can be
obtained. On the other hand, if the determinant is zero, the system of equations has no
precise solution, and the matrix has no inverse. Therefore, it may be useful to use the
DET function to examine the matrix before inversion is performed in order to prevent a
calculator error condition. Following is an example:

———o—o—o—o—o EXAMPLE 4 —o—o—<—< <o <o

A linear relationship exists between the daily temperature and a vending machine
company’s sale of soft drinks. The company wishes to be able to predict sales based on
daily temperatures. This example shows how the company might do this by performing a
regression analysis using the statistical method known as least squares fit.

Table 4-1 contains some of the sales figures and daily maximum temperatures.

Table 4-1. Sales Figures vs. Maximum Daily Temperatures

Maximum Temperature Sales ($)

81 41
64 30
57 26
76 36

92 49



The company performs a simple linear regression to find the relationship between
temperatures and sales. If this is done by hand, first a computation table like Table 4-2 is
needed, where X values are temperatures, and Y values are sales.

Table 4-2. Computation Table for Regression

X Y X*Y X2
81 41 3321 6561
64 30 1920 4096
57 26 1482 3249
76 36 2736 5776
92 49 4508 8464
370 182 13967 28146

The value of sales {Y) can be predicted for any temperature (X) by using the formula
Y=A+BX. But first the values of A and B must be calculated. To find A and B, the
following two simultaneous equations are solved:

An+BXX=2Y
AZX+BIX?=ITXY

Where n is the number of entries, in this case five.*

From the computation table, we know the following values:
T X=370; £Y=182; ZXY=13967 and £X?=28146.

Now the two equations are

| 5A+370B=182
i1 370A+28146B=13967

To solve the simultaneous equations by hand, we eliminate A from the equations by
multiplying the first equation by 370 and the second by 5 and then subtracting Equation |
from Equation 1.

i1 1850A+140730B=69835
| 1850A+136900B=67340

3830B=2495

B=2495/3830B=.6514

Although it would be easy by the method of substitution to find the value of A, now that
the value of B is known, the value of A is of little significance in this case. However, the
regression coefficient, B, is of interest: it represents an estimate of the average increase in
sales for each additional degree of temperature. That is, within the temperatures studied,
each additional degree in temperature increases sales by an average of 0.65 dollars.

The above procedure is repeated in the program steps which follow. First, Matrix A is set
up, containing the X, Y, XY, and X? values shown in the computation table. The
summation (Z) values are then calculated and stored in Matrix C: C(1,1)=XX; C(2,1)=2Y;
C(3,1)=2XY;and C(4,1)=XX2.

* Increasing the number of entries in the computation table results in a more accurate prediction; however, for purposes
of explanation, five entries are sufficient.
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{Continued)

To solve for A and B, we must perform a matrix inversion on the coefficients of the
following simultaneous equations:

5A+C(1,1)B=C(2,1)
C(1,1)A+C(4,1)B=C(3,1)

The coefficier‘its on the left of the equals sign are contained in Matrix M, and those on the
right are in Matrix N.

MatrixM b C(1,1) Matrix N C(2,1)
c(1,1y  C{1) C(3,1)

The following instructions create Matrix M and Matrix N, and perform the necessary
inversion and multiplication so that Matrix P contains the value of A, in P(1,1}, and B, in
P(2,1).




APPENDIX

~®—4 << DIAGNOSTIC NOTES <o <

INDICATION

MEANING

Matrix must be square for attempted operation.

New dimensions exceed existing DIM specifications.

Matrix has no inverse. The data contained in the matrix does not
have a solution.

Incompatible dimensions. Dimensions of added, subtracted, multi-
plied, copied or transposed matrices must agree.

Computer

- Museum
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WORLD WIDE
SALES & SERVICE OFFICES

UNITED STATES

ALABAMA

8290 Whitesburg Dr.. S.E
P.G. Bax 4207
Huntsville 35802

Tel: (205) 881-4591

TWX: 810-726-2204
"Birmingham

Medical Service only

Tel: (205) 879-2081

ARIZONA

2336 E. Magnolia St
Phoenix 35034

Tek: (602) 244-1361

TWX: 910-951-1331

2424 East Aragon Rd
Tucson 85706

Tel: (602) 889-4661

CALIFORNIA

1430 East Orangethorpe Ave
Fullerton 32631

Tel: {714) 870-1000

TWX: 910-592-1288

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

6305 Arizona Place

Los Angeles 30045

Tel: (213) 649-2511

TWX: 910-328-6147

"Los Angeles

Tel: {213) 776-7500

3003 Scolt Boulevard
Santa Clara 95050

Tel: (408) 249-7000

TWX 910 338 0518
“Ridgec

Tel (714' 446 6165

2220 Watt Ave
Sacramento 95825

Tel: (916) 482-1463

TWX: 910-367-2092

9606 Aero Drive

P.0. Box 23333

San Diego 92123

Tel: (714) 279-3200

TWX: 910-335-2000

COLORADO

5600 South Uls(ev Parkway
Englewood 801

Tel: (303) 771- 3455

TWX: 910-935-0705

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tel: (203) 389-6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2806 W. Oakland Park Blvd
Ft. Lauderdale 33307
Tel: (305) 731-2020
TWX: 510-955-4099
“Jacksonville
Medical Service onty
Tei. (904) 725-6333
P.Q. Box 13910

6177 Lake Ellenor Or
Orlando 32809

Tel: (305) 859-2900
TWX: §10-850-0113

21 East Wright St

Suite |

Pensacola 32501

Tel: {904) 434-3081

GEORGIA

P.0. Box 28234
450 Interstate Norm
Atlanta 3032

Tel: (404) 434- 4000
TWX: 810-766-4890

HAWAIl

2875 So. King Streel
Honolulu 96814
Tel: (808) 955-4455

ILLINOIS
(Caiculators Oniy}
100 5. Wacker Drive
Suile 1100
Chicago 60606

Tel: (312) 346-9701
5500 Howard Street
Skokie 60076

Tel: (312) 677-0400
TWX: 910-223-3613

*St. Joseph
Tel: (217) 469-2133

INDIANA

3839 Meadows Drive
indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

1OWA

1902 Broadway

lowa City 52240

Tel: (319) 338-9466
Night: (319) 338-9467

“KANSAS
Derb:
Tel: (!16) 267-3855

LOUISIANA

P 0. Box 840

3239 Williams Boulevard
Kenner 70062

Tel: {504) 721-6201
TWX: 810-955-5524

MARYLAND
6707 Whilestone Aoad
Baltimore 21207
Tel: (301) 944-5400
TWX: 710-862-9157
4 Choke Cherry Road
Rackville 20850
Tel: (301) 948-6370
TWX: 710-828-9685
710-828-0487
P.0. Box 1648
2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-3684

MASSACHUSETTS
32 Hartwell Ave
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

23855 Research Drive
Farmington 48024
Tel: (313) 476-6400
TWX: 810-242-2900

MINNESOTA
2400 N. Prior Ave
Roseville 55113
Tel 1612& 636-0700
TWX: 910-563-3734

MISSISSIPP
“Jackson

Medical Service only
Tel: (601) 982- 9363

MISSOUR)

11131 Colorado Ave.
Kansas City 64137

Tel: (816) 763-8000

TWX: 910-771-2087

148 Weldon Parkway
Maryland Heights 63043
Tel: (314) 567-1455

TWX: 910-764-0830

NEBRASKA
(Medical Dnly)
11802 £lm Street
Suite 4C

Omaha 68144

Tel: (402) 333-6017

"NEVADA
Las Vegas
Tel: (702) 382-5777

NEW JERSEY

W. 120 Century Rd.
Paramus 07652
Tel: (201) 265-5000
TWX: 710-990-4951

NEW MEXICO

P 0. B0x 8366

Station C

6501 Lomas Boulevard N.E

Albuquerque 87108

Tel: (505) 265-3713

TWX: 910-989-1665

156 Wyatt Orive

Las Cruces 88001
8. ASOS& 526-2485

TWX: 910-983-0550

NEW YORK

6 Automation Lane
Compuler Park

Albany 12205

Tel: (518) 458-1550

TWX: 710-441-8270

New York City
Manhaltan. Bronx

Contact Paramus, NJ Office
Tel: (201) 265-5060
Brogklyn, Queens, Richmond
Contact Woodbury, NY Office
Tel: (516) 921-0300

201 South Avenue
Poughkeepsie 12601

Tel: (914) 454-7330

TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623

Tel: (716) 473-3500

TWX: 510-253-5981

5858 East Mollay Road
Syracuse 13211

Tel: (315) 455-2486

TWX: 710-541-0482

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300

TWX: 510-221-2168

NORTH CAROLINA
P.0. Box 5188
1923 North Main Street

TWX: 510-926-1516

OHIO

16500 Sprague Road
Cleveland 4413)
Tel 218) 243 7300
ngm 243-

TWX: 810- 423 9437
330 Progress Rd
Dayton 45449

Tel (513) 859-8202
TWX: 810-459-1925
1041 Kingsmill Parkway
Columbus 43229
Tel: {614) 436-1041

OKLAHOMA

P.0. Box 32008
Oklahoma City 73132
Tel: (405) 721-0200
TWX: 910-830-6862

OREGON

17890 SW Boones Ferry Road
Tualatin 37062

Tel: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA

111 Zeta Drive
Pittsburgh 15238

Tei: (412) 782-0400
Night: 782-0401

TWX: 710-795-3124
1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406
Tel (2156 265-7000
TWX: 510-660-2670

SOUTH CAROLINA
6941-0 N. Trenholm Road
Columbia 29260

Tel: (803) 782-6493

TENNESSEE
“Memphis

Medical Service only
Tel: (301) 274-7472
"Nashville

Medical Service only
Tei: (615} 244-5448

TEXAS

P.0. Box 1270

201 E. Arapaho Rd
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723
P.0. Box 27409
6300 Westpark Orive
Suite 100

Houston 77027
Tej: (713& 781-6000
TWX: 910-881-2645

205 Bilty Milchell Road
San Antonio 78226
Tel: (512) 434-8241
TWX: 910-871-1170
UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801) 487-0715
TWX: 910-925-5681

VIRGINIA

*Nortolk

Medical Service only

Tet: (804) 497-1026

PO Box 9854

2914 Hungary Sprmgs Road
Richmond 232

Tel: (804) 285- 3431

TWX: 710-956-0157

WASHINGTON
Beliefield Office Pk
1203-1141h SE
Bellevue 93004
Tel: (206) 454-3971
TWX: 910-443-2445

"WEST VIRGINIA
Charleston
Tel: (304) 345-1640

WISCONSIN

9431 W. Beloit Road
Suite 117
Milwaukee 53227
Tel: (414) 541-0550

FOR U.S. AREAS NOT LISTED:
Contact the regional office

nearest you: Atlanta, Georgia.

North Hollywood. California. ..
Rackville, {4 Choke Cherry Rd.)
Maryland...Skokie, Illinois

Their complete addresses

are listed above

“Service Only

CANADA

ALBERTA

Hewilett-Packard (Canada) Ltd.
11748 Kingsway Ave.
Edmonton T5G 0X5

Tel: (403) 452-3670

TWX: 610-831-2431
Hewlett-Packard (Canada) Ltd
915-42 Avenue § E. Suite 102
Calgary T2G 121

Tel: {403) 287-1672

BRITISH COLUMBIA
Hewilett-Packard {Canada) Ltd
837 E. Cardova Street
Vancouver V6A 3R2

Tel: (604) 254-0531

TWX: 610-822-5059

MANITOBA
Hewlett-Packard (Canada) Ltd
513 Century Sl

St James

Winnipeg R3H OL8

Tel: (204) 786-7581

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd
800 Windmill Roa
Dartmouth B3C 1L1

Tel: (902) 469-7820

ONTARIO

Hewleti-Packard (Canada) Ltd
1785 Woodward Or

Ottawa K2C OP9

Tel: (613) 225-6530

TWX: 610-562-8968
Hewlett-Packard (Canada) Ltd
6877 Goreway Drive
Mississauga L4V 1L9

Tel: (416) 678-9430

TWX: 610-492-4246

OUEBEC

Hewlett-Packard {Canada) Ltd
275 Hymus Blvd

Pointe Claire HIR 1G7

TLX: 05- 821521 HPCL

Hewleti-Packard (Canada) Ltd
2376 Galvani Street
Ste-Foy GIN 4G4
Tel: (418) 688-8710

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard (Canada)
Ltd. in Mississauga

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argenlina

ACel
Lavalle 1171-3" Piso
Buenos Aires
Tel: 35- 0436 36-0627. 35-0341
Telex: 012-1009
Cable HEWPACK ARG

BOLIVIA
Stambuk & Mark (Bolivia) Lida.
Av. Mariscal. Santa Cruz 1342

La Paz
Tel: 40626, 53163. 52421

Hewlett-Packard Oo Brasil
1LE.C. Ltda

Praca Oom Feliciano. 78-8°
andar (Sala 806/8)
9000-Porto Alegre-RS

Tei: 25-84-70-000 (0512)
Cable: HEWPACK Porto Alegre
Hewlett-Packard Oo Brasil
LEC. Ltda )
Rua Siqueira Campos. 53, 47
andar Copacabana

2000-Rio de Janeiro-GB

COLOMBIA

Instrumentaci6n

Henrik A. Langebaek & Kier S.A.
Carrera 7 No. 48-59

Apartado Aéreo 6287

Bogota, 1 D.F

Tl 45-78-06, 45-55-46

Cable: AARIS Bogota

Tefex: 44400INSTCO

COSTA RICA )
Lic. Allredo Gallegos Gurdian
Apartado 10159

MEXICO

Hewiett-Packard Mexicana,
S.A deCV

Torres Adalid No. 21, 11° Piso
Col. del Valle

Mexico 12, O.F

Tel: {905) 543-42-32

Telex: 017-74-507
Hewlelt-Packard Mexicana.
SA deCV

Ave. Constitucién No. 2184
Monterrey, N.L.

Tel: 48-71-32, 48-71-84

PANAMA
Electronico Balboa. S.A
P.0. Box 4929
Calle Samuel Lewis

de Panama
Te) £4-2700
Telex: 3431103 Curunda,

Canal Zone
Cable: ELECTRON Panama
PARAGUAY

Z.J. Melamed S.R L
Division: Aparatos y Equipos

PERU

Compaia Eleclro Médica S.A
Ave. Enrique Canaual 312
San Isidro

Casilla 1030

Lima

Tel: 22-3300

Cable: ELMED Lima

PUERTO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leén 154

Montevideo
Tel: 40-3102
Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

CA

Apartado 50933
Edificio Segre
Tercera Transversal
Los Ruices Norte
Caracas 107

Tei: 35-00-11

. Tefex: 21146 HEWPACK
Tl 257-80- 97; gg%rggch San José Diel0s aratos y Equipos S o ane™ Cable: HEWPACK Caracas
Tefex: 3560014 C:;’; Tel: 21-86-13 NICARAGUA Scientificos y de Tel: (809) 725-3342, 722-3342
Cable: BUKMAR Cable: GALGUR San José Roberto Terin G Investigacion Cable: SATRONICS San Juan .
Rio de Janeno GUATEMALA Apartado Postal 689 anoe %XC\ Telex. SATRON 3450 33 FOR AREAS NOT LISTED, CONTACT:

i CHILE IPESA Editicio Teran Chile, 482 Edificio Victoria Hewl'e:-Packard
Hewlett-Packard Oo Brasil Calcagni y Metcalfe Lida 3 anagua Asuncion URUGUAY Inter-Americas
LEC Lida Calle Lira 81, Oficina 5 Avenida La Reforma 3-48. To 301 3452 T 46272 Pablo Ferrando .4 3200 Hillview Ave
Rua Fresn Caneca 1 752 Bela Vista  Caqiiia 2118 ZGDSSQZmaIa Cable; ROTERAN Managua C:Me RAMEL Comercial e (ndustrial ?a||74?g‘)°49633,1‘?[;?,a 94304

et i da ltalia 2677 o X
s e 20 Santiago, Tel: 63627, 64736 por e G, TWX. 910-373-1260

287-61-93 Catie CALMET Telex: 4192 TELTRO 61 Cable: HEWPACK Palo Alta

Telex. 3091511213 avle Telex: 034-8300, 034-8493
Cable: HEWPACK Sao Paulo
E U R A FINLAND FRANCE Hewletl-Packard France
AUSTRIA BELGIUM DENM‘;F"}( d A/S ngv:yer?um s Hewlett-Packard Oy Hewlett-Packard France Agence Régronal
Hewletl-Packard Ges.m.b.H Hew\en Packard Benelux Hewlell ackard A/ i Ouartier de Courtaboeuf ghe,mlgadfs\ Mb?m”f;
Handelska_52.3 827166 P.0. Box & 8aite Postale No. & oite Postale No
P.D Bux7 s e Covr. 1. TK| 3?)%‘0 e E\elo%e 40 bp as SF- 00211 Hetsink 2 F-91401 Orsay Feo1aD Ecully
For 0222, 33 85 06 10 09 F950 Brassers Coole HEWPACK £ Cable: HEWPACK AS Tel: 6 e 1) 907 725 LAt IR
Tek: (0222) 33 to o WPACKOY Helsinki able: rsay
i oAk oo Tel- (02) 672 22 40 Telex: 166 40 bp as Gable :‘25_1535% el Talex: 60048 Telex. 31 617

Telex. 75923 hewpak a

Cable. PALOBEN Brussels
Telex: 23 494 paloben bru




Hewlett-Packard France

Agence Regionale

Zone Aéronautique

Avenue Clément Ader

£-31770 Cotomiers

Tel: (61) 78 11 55

Telex: 51957

Hewletl-Packard France

Agence Régionale

Centre d'aviation générale

F-13721 Aéroport de
Marignane

Tel: (91) 89 12 36

TWX 41770 F

Hewletl-Packard France

Agence Régionale

63. Avenue de Rochester

F-35000 Rennes

Tel: 74912 F

Telex. 74 912 F

Hewlett-Packard France

Agence Régionale

74. Allée de Ja Robertsay

F-67000 Strasbourg

Tel {88) 35 23 20 21

Telex: 89141

Cable: HEWPACK STRBG

GERMAN FEDERAL REPUBLIC

Hewlett-Packard GmbH
Vedtriebszentrale Franktunt
Bernerstrasse 117
Posttach 560 140

0-6000 Frankturt 56
Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankiurt
Telex: 41 32 49 fra
Hewiglt-Packard GmbH
Vertriebsbiro Boblingen
Herrenbergerstrasse 110

0-7030 Boblingen. Wirtlemberg

Tel: {07031) 66 72 87
Cable: HEPAK Boblingen
Telex: 72 65 739 bbn

Hewlett-Packard GmbH
Vertriebsburo Dusseldor!
Vogelsanger Weg 38
0-4000 Dusseidort

Ter: (0211) 63 80 315
Telex. 85:86 533 hpdd d
Hewlett-Packard GmbH
Vertriebsbiiro Hamburg
Wendenstrasse 23
0-2000 Hamburg 1

Tel: (040) 24 13 93

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Vertriebsbaro Hannover
Mellendorter Sirasse 3
0-3000 Hannover-Kleefeld
Tel' t0511) 55 60 46
Telex 092 3259
Hewlett-Packard GmbH
Vertriebsburo Nuremberg
Hersbruckerstrasse 42
0-8500 Nuremberg

Tel. (0911) 57 10 66
Telex: 623 860
Hewlett-Packard GmbH
Vertnebsburo Minchen
Unterhachinger Strasse 28
ISAR Center

0-8012 Ottobrunn

Tel (089) 601 30 61/7
Telex: 52 49 85

Cable: HEWPACKSA Minchen
(West Berlin)
Hewiett-Packard GmbH
Vertriebsbiiro Berlin

Keith Strasse 2-4

0-1000 Berlin 30

Tel: (030) 24 90 86

Telex: 18 34 05 hpbin d

GREECE

Koslas Karayannis

18. Ermou Street

GR-Athens 126

Tel 3230-303 Sales/SVC
3230-305 Adm. Order Prog

Cable RAKAR Athens

Teiex 21 59 62 rkar gr

Hewlelt-Packard S.A

Medilerranean & Middle East

Operations

35 Kolokotroni Slreet

Plalia Kefallariou

Gr-Kilissia-Athens

Tel: 8080337. 8080359
8080429, 8018693

Telex: 21 6588

Cable: HEWPACKSA Athens

IRELAND
Hewlet(-Packard Lld

King Street Lane
Winnersh, Workingham
GB-Berkshire RG11 5AR
Tel: Wokingham 784774
Teiex: 847178/848179
Hewlett-Packard Lid

The Graftons’
Stamford New Road
GB-AMrincham, Cheshire
Tel: (061) 928-9021
Telex: 668068

ITALY

Hewlett-Packard Italiana S.p.A
Via Amerigo Vespucci 2
1-20124 Milan

Tel: (2) 6251 (10 lines)

Cable: HEWPACKIT Milan
Telex: 32046

Hewilett-Packard Italiana S.p.A
Via Pietro Maroncelli 40

(ang. Via Visentin)

1-35100 Padova

Tel: 66 40 62/66 31 88

Hewlett-Packard taliana S p.A
Via Medaglhe d'Oro, 2
1-56100 Pisa

Tel: (050) 500022

Telex. 32046 via Milan
Hewlett-Packard S p A

Via G. Armellini 10

1-00143 Rome-Eur

Tel: (6) 5912544/5

Telex: 61514

Cable: HEWPACKIT Rome
Hewlett-Packard Italiana S.p.A
Via San Quinlino, 46

1-10121 Turin

Tei: (1) 53 82 64

Telex: 32046 via Milan

LUXEMBURG
Hewlett-Packard Benelux
ANV

Avenue de Col-vert, 1,
gGmenkraag\aan}

-1170 Brussels

Tel: (02) 672 22 40
Cable: PALOBEN Brussels
Telex: 23 494

NETHERLANDS
Hewilett-Packard Benelux NV
Weerdestein 117

P.0. Box 7825
NL-Amsterdam, 1011

Tel: (020) 5411522

Cable: PALOBEN Amsterdam
Telex: 13 216 hepa nl

NORWAY
Hewlett-Packard Norge A/S
Nesveien 13

Box 149

N-1344 Haslum

Tel: (02) 53 83 60

Telex: 16621 hpnas n

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lisbon 1

Tel (197) 68 60 72

Cable: TELECTRA Lisbon
Telex: 12598

SPAIN

Hewlelt-Packard Espafiola. $.A

Jerez No. 3

E-Madrid 16

Tel: 458 26 00

Telex 23515 hpe

Hewlett-Packard Espaiiola, S.A

Milanesado 21-23

E-Barcelona 17

Tel: (3) 2036200-08,
2044098/9

Telex: 52603 hpbe e

Hewlett-Packard Espafiola, S.A

Av Ramon y Cajal, 1

Edihcio Sevilla |, planta 9°

E-Seville

Tel: 64 44 54/58
Hewlett-Packard Espafiola S.A.
Edificio Albia 11 77 8

E-Bilbao
Tel: 23 83 06:23 82 06
SWEDEN

Hewlett-Packard Sverige AB
Enighetsvagen 1-3
Fack

$-161 20 Bromma 20

Tel: (08) 730 05 50

Cable: MEASUREMENTS
Stocknoim

Telex: 10721

Hewlett-Packard Sverige AB

Hagakersgatan 9C

$-431 41 Moindal

Tel: (031) 27 68 00/01

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Zurcherstrasse 20

Box 64
CH-8952 Schlieren Zurich
Tel: (01) 98 18 21
Cable: HPAG CH
Telex: 53933 hpag
Hewlett-Packard (Schweiz) AG
9. chemin Louis-Pictet
CH-1214 Vernier-Geneva
Tel (OZZg 4149 50
Cable: HEWPACKSA Geneva
Telex: 27 333 hpsa ch

TURKEY

Telekom Engineering Bureau
Sagiik Sok No. 15/1
Ayaspasa-Beyoglu

P.0. Box 437 Beyoglu
TR-Istanbui

Tel: 49 40 40

Cable: TELEMATION Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd

King Street Lane
Winnersh, Wokingham
GB-Berkshire RG11 5AR
Tel: Workingham 784774
Telex: 847178/848179
Hewlelt-Packard Ltd

"The Graftons™

Stamlord New Road
GB-Altrincham, Cheshire
Tel: (061) 928-9021

Telex: 668068
Hewletl-Packard Ltd

¢/o Makro

South Service Wholesale Centre
Amber Wa

Halesowen Industrial Estate
GB-Halesowen, Worcs
Tel: Birmingham 7860

Hewilett-Packard Ltd
h Floor
Wedge House
799. London Road
GB8-Thornton Heath CR4 6XL

urre
Tel 161) 684 0105
Telex: 946825

Hewlett-Packard Ltd
/o Makro

South Service Wholesale Centre
Wear Industrial Estate

Washington

GB-New Town. County Durham
Tel: Washington 464001 ext. 57/58
Hewlett-Packard Ltd.'s registered
address for V.A.T. purposes

only:
70, Finsbury Pavement
London, EC2A1SX

Registered No. 690597

USSR

Hewiett-Packard
Representative Office USSR
Hotel Budapest/Room 201
Petrovskie Linii 2/18
Moscow

Tel: 221-79-71

YUGOSLAVIA
Iskra-Standard/Hewiett-Packard
Topniska 58/3

61000 Ljubljana

Tel: 314561 or 314827

Telex: 31300

SOCIALIST COUNTRIES

PLEASE CONTACT:

Hewlett-Packard S.A

7. rue du Bois-du-Lan

P.0. Box 349

CH-1217 Meyrin 1 Geneva
Switzerland

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva

Telex: 32046 via Milan Telex: Via Bromma Telex: 2 24 86

AFRICA, ASIA, AUSTRALIA
ANGOLA CYPRUS Blue Star Ltd JAPAN LEBANON Mushko & Company, Ltd TAIWAN
Telectra Kypronics Blue Star House Yokogawa-Hewlett-Packard Ltd Constantin E. Macridis 38B. Satellite Town Hewlett-Packard Taiwan
Empresa Técnica de 18 Gregorios & Xenopoulos Rd 34 Ring Road Onashi Building Clemenceau Street 34 Rawalpindi 39 Chung Shiao West Road

_Equipamentos P 0 Box 1152 Lajpat Nagar 1-59-1 Yoyogi P.0. Box 7213 Tel: 41924 Sec. 1 Overseas Insurance
Eléctricos. S A R.L CY-Nicosia New Dethi 110 024 Shibuya-ku, Tokyo RL-Beirut Cable: FEMUS Rawalpindi Corp. Bidg. 7th Floor
R. Barbosa Rodrigues, 42-1°0T ¢ Tel: 45628/29 Tel: 62 32 76 Tel: 03-370-2281/92 Tel: 220846 PHILIPPINES Taipei
Caixa Postal, 6487-Luanda Cable: KYPRONICS PANDEHIS Telex: 2463 Telex: 232-2024YHP Telex: 21114 Leb Bl | Tel: 389160.1,2, 375121,
Tel 35515/6 Cable: BLUESTAR Cable: YHPMARKET TOK 23-724  Cable: ELECTRONUCLEAR Beirut ectiomex, Inc Ext. 240-249
Cable: TELECTRA Luanda A oower & A Blue Star Lid Yokogawa-Hewlstt-Packard Lid. gt aysia s mansgmaed Telex: TP824 HEWPACK
AUSTRALIA rvate L1 e & Ageney  pLC Sar House Nisei baragi Bldg Cable: HEWPACK Taipei

Hewlett-Packard Australia
Pty. Ltd

31-41 Joseph Street
Blackburn, Viclona 3130
Tet: 89-6351. 89-6306
Telex: 31-024

Cable: HEWPARO Melbourne

Hewlett-Packard Australia
Pty_Ltd

31 Bridge Streel
Pymble,

New South Wales, 2073
Tel: 449-6566

Telex: 21561

Cable' HEWPARD Sydney
Hewlett-Packard Australia
Pty Ltd

97 Churchill Road
Prospect 5082

South Australia

Tel 44 8151

Cable: HEWPARD Adelaide
Hewlett-Packard Auslralia
Ply. Ltd

141 Stiting Highway
Nedlands. W A, 6009
Tel" 86 5455
Hewlett-Packard Australia
Pty Ltd

121 Wallongong Street
Fyshwick, A.C.T , 2609
Tel' 85 3733

Hewlett-Packard Australia
Pty Lid

Sth Floor

Teachers Unian Building
495-499 Boundary Slreet
Spring Hill. 4000 Oueensiand
Tei: 29-1544

Telex AA-42133

CEYLON

United Electricals Lid

P.0. Box 681

60. Park St

Colombo 2

Tel- 26696

Cable HOTPQINT Colombo

Private Ltd., Co
P.0 Box 718
58/59 Cunningham St
Addis Ababa
Tel: 12285
Cable: ASACD Addisababa

HONG KONG

Schmidt & Co (Hong Kong) Lid
P.D. Box 297

Connalight Centre

39th Floor

Connaught Road. Central
Hong Kon,

Tel: 240168, 232735

Telex: HX4766

Cable: SCHMIDTCO Hong Keng

INDIA

Blue Star Ltd
Kasturi Buildings
Jamshedji Tata Rd
Bombay 400 020
Tel: 29 50 21
Telex: 3751

Cable: BLUEFROST

Blue Star Ltg
Sah:

as
41472 Vir Savarkar Marg
Prabhadevi
Bombay 400 025
Tel' 45 78 87
Telex: 4093
Cable: FROSTBLUE
Blue Star Ltd
Band Box House
Prabhadevi
Bombay 400 025
Tel: 45 73 01
Telex: 3751
Cable: BLUESTAR
Blue Star ttd
1440 Cwil Lines
Kampur 208 001
Tel: 6 88 82
Cable: BLUESTAR
Blue Star Ltd
7 Hare Street

0. Box 506
Calcutta 700 001
Tel 23-0131
Telex: 655
Cable: BLUESTAR

11/11A Magarath Road
Bangaiore 560 025

Tel: 55668

Telex: 430

Cable: BLUESTAR

Blue Star Ltd

Meeakshi Mandiran
xxx{1678 Mahatma Gandhi Rd
Cochin 682 016 Kerala
Blye Star Ltd

1117411

Sarojini Devi Road
Secunderabad 500 003
Tel: 76391.773 93
Cable: BLUEFROST

Telex: 459

Blue Sar Ltd

23/24 Second Line Beach
Madras 600 001

Tel: 23954

Telex: 379

Cable: BLUESTAR

Blue Star Ltd

Nathraj Mansions

2nd Fioor Bistupur
Jamshedpur 831 001

Tel: 38 04
Cable: BLUESTAR
Telex: 240

INDONESIA

BERCA Indonesia P.T
P.0_Box 496

1st Floor JL, Cikin Raya 61
Jakarta

Tel: 56038, 40369, 49886
Telex: 2895 Jakarta

IRAN

Multi Corp International Ltd
Avenue Soraya 130

P 0. Box 1212
IR-Teheran

Tel" 83 10 35-39

Cable” MULTICORP Tehran
Telex: 2893 mar tn

ISRAEL

Electronics & Engineering
Oiv of Molorola Israel Ltd

17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex- 33569

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP OSAKA
Yokogawa-Hewlett-Packard Ltd
Nakamo Building

No. 24 Kamisasazima-cho
Nakamura-ku, Nagoya City
Tel: (052) 571-5171
‘fokogawa-Hewlelt-Packard Lid
Nitto Bldg

2-4-2 Shinohara-Kita
Kohoku-ku

Yokohama 22?2

Tel: 045-432-1504

Telex: 382-3204 YHP YOK
Yokogawa-Hewlett-Packard Ltd
Chuo Bldg

Rm. 603 3.

2-Chome

{IZUMI-CHO

Mito. 310

Tel: 0292-25-7470

KENYA

Technical Engineering Services
P.0. Box 18311

Nairobi, Kenya

Tel: 57728

Cable: PROTON

KOREA
American Trading Company
Korea

1.P.0. Box 1103

Dae Kyung Bidg .. 8th Floor
107 Sejong-Ro,
Chongro-Ku. Seoul

Tel: (4 lines) 73-8924-7
Cable: AMTRACO Seoul

KUWAIT
Al-Khaldiya Trading &
Contracting Co

Al Soor Street
Michaan Bidg No. 4
Kuwait

Tel: 42 99 10

Cable: VISCOUNT

MECOMB Malaysia Ltd

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A.N. Goncalves, Lta

162, 1° Apt. 14 Av. D. Luis
Caixa Postal 107
Lourenco Marques

Tel: 27091, 27114

Telex: 6-203 Negon Mo
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd
94-96 Oixon Street

P.0. Box 9443

Courtenay Place,
Wellington

Tel: 58-559

Telex: 3898

Cable: HEWPACK Wellington
Hewlett-Packard (N.Z.) Ltd
Pakuranga Professional Centre
267 Pakuranga Highway
Box 51082

Pakuranga

Tel: 569-651

Cable: HEWPACK, Auckland

NIGERIA

The Electronics
Instrumentatiofns Ltd

NGB/770 Oyo Road

Oluseun House

P.M.B. 5402

I: 22325

Cable: THETEIL Ibadan

The Eiectronics Instrumenta-
tions Ltd. (TEIL}

16th Floor Cocoa House
M.B. 5402

Ibadan

Tel: 22325

Cable: THETEIL Ibadan

PAKISTAN

Mushko & Company. Ltd
Cosman Chambers

Abdullah Haroon Road
Karachi 3

Tel: 511027, 512927

Cable: COOPERATOR Karachi

Ayala Avenue, Makati, Rizal
C.C.P.0. Box 1028
Makati, Rizal

Tel: 86-18-87, 87-76-77.
Cable: ELEMEX Manila

SINGAPORE

Mechanical & Combustion
Engineering Company Pte.,
Ltd

10112, Jalan Kilang

Red Hill Industrial Estate
Singapore, 3

Tel: 647151 (7 lines)
Cable: MECOMB Singapore

Hewlett-Packard Singapore

(Pte.)
Blk. 2, 6th FLOOR, Jalan
Bukit Merah
Redhill Induslrial Estate
Alexandra P.0. Box 87,
Singapore 3
Te!: 633022
Telex: HPSG RS 21486
Cable: HEWPACK, Singapore

SOUTH AFRICA
Hewlett-Packard South Africa
Ltd

Hewlett-Packard House
Daphne Street. Wendywood
Sandton. Transvaal 2001
Tel: 802-1040

Telex: SA43-4782JH

Cabie: HEWPACK

Hewlelt-Packard South Africa
(Pty ), Ltd

Breecastie House

Bree Street

Cape Town

Tel: 2-694112/3

Cable: HEWPACK Cape Town
Telex: 0006 CT

Hewlett-Packard South Africa
Pty ).

641 Ridge Road. Qurban

P.0 Box 99

Overport, Natal
Tel: 88-6102
Telex: 567954
Cable: HEWPACK

Hewlett-Packard Taiwan

38. Po-Ai Lane. San Min Chu,
Kaohsiung

Tei: 297313

THAILAND

UNIMESA Co.. Ltd

Eisom Research Building
Bangjak Sukumvil Ave
Bangkok

Tel: 532387, 930338
Cable: UNIMESA Bangkok

UGANDA

Uganda Tele-Electric Co., Ltd
P.0. Box 4449

Kampala

Tel: 57279

Cable: COMCO Kampaia

VIETNAM

Peninsular Trading Inc

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20-805, 93398

Cable: PENTRA, SAIGON 242

ZAMBIA

R.J. Tibury (Zambia) Ltd
P.0. Box 2792

Lusaka

Zambia, Central Africa

Tel 93
Cable' ARJAYTEE, Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE CONTACT:
Hewlett-Packard S.A.
Medilerranean and Middie

East Operalions

35, Kolokotroni Street

Platia Kefallariou
GR-Kifissia-Athens

Telex: 21-6588

Cable: HEWPACKSA Athens

OTHER AREAS NOT LISTED, CONTACT:
Hewlett-Packard

Export Trade Company

3200 Hillview Ave

Palo Alto. California 94304

Tel: (415) 493-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Aito

Telex: 034-8300. 034-8493
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