
, ··'jii1lli,'Iff __ • ___ _ 
I .. ___ . __ 'itnfrfiilifiii'f 

Cllli.· .. 'tU·fil"t. eli" ~ ,~,) L.&.J W t~j lJ.J 
• .' •• :1 f"'I~' ~ ~ ~ ~ t~ ~~ • c;.,. £I' 'i~\! •• ~. li~>. ta::J ~ ~ ~ ~, t~, 
• 'fill f~rri;t 'i~J 'I~II' W (,J;J L:J t~ll.i.) ~ • 

hI" .' ill I t)~tl \liI\IIIIIIlI~IlI\e' 



HEWLETT ~ PACKARD 

warranty Statement 

Hewlett-Packard products are warranted against defects in materials and 
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from date of delivery. * Hewlett-Packard will, at its option, repair or replace 
equipment which proves to be defective during the warranty period. This 
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Repairs necessitated by misuse of the equipment, or by hardware, 
software, or interfacing not provided by Hewlett-Packard are not covered 
by this warranty. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED, INCLUDING, BUT 
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General I/O ROM Operations 

Operation 

Write 

Read 

Format 

Conversion 

Write Binary 

Read Binary 

Write Control 

Read Status 

List 

Description 

Output data or character strings to specified device. 

Request and input data or character strings. 

Specify data specs and edit specs for both read and write statements. 

Set up a character conversion table for read and write statements. 

Output 16-bit binary numbers. 

Input 16-bit binary numbers. 

Output binary status codes to an interface card. 

Check interface or peripheral status information. 

Output program listings to an external device. 

• 

• 

• 
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Preface 

An HP 9825A Calculator requires a General I/O ROM to control 

most peripheral devices. This manual describes the peripheral 

control statements and functions available with a General I/O 

ROM. The facing page lists the operations available with the 

ROM. 

The instructions in this manual assume that you are already 

familiar with operating and programming the calculator. You 

should also be familiar with the unique operation and functions 

of each peripheral device to be controlled using the General 

I/O ROM. 
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Chapter 1 
General Information 

The General I/O ROM (Read Only Memory) provides a 9825A Calculator with the statements 

and functions for controlling most external peripheral devices. The ROM also permits format­

ting printouts on the internal printer and adds many additional characters for use with the 

printer and display. In addition to direct peripheral control, the General I/O ROM permits 

controlling individual peripherals via the HP Interface Bus. 

Inspection Procedure 
The General I/O ROM is packaged with other ROMs in a single ROM card. Please verify that 

the correct ROM card is supplied and inspect the card for physical damage. To check opera­

tion of the ROM, see the 9825A System Test Booklet. If any damage or electrical malfunction is 

found, contact the nearest HP Sales and Service Office; locations are listed near the back of 

this manual. 

Installation 
The ROM card can be plugged into any of the four slots on the front of the calculator (below 

the keyboard). To install the ROM, first switch off the calculator. Then, with the ROM label 

right-side-up, slide the card into the slot until it's even with the front of the calculator. Now, 

switch the calculator on. 

Installing a ROM Card 



2 General Information 

Memory Usage 

The General I/O ROM uses 56 bytes of calculator Read/Write Memory. This loss is indicated by 

the amount of available memory displayed after each list operation. 

Syntax Guidelines 
The following general conventions apply to the statement and function syntax listed in this 

manual. 

• Dot matrix - All items appearing in .: ..... . .. ::. > must be entered as shown. 

• [] - All items in square brackets are optional and explained in the following text. 

• All General I/O statements and functions can be executed either from the keyboard or a 

program. 

A summary of General I/O syntax is listed at the back of this manual. 

Error Messages 
The General I/O ROM adds error messages G1 through G9 to the calculator error list. Mean­

ings for each error are on the inside back cover. 

• 
~. , 

i 

• I~ 
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Chapter 2 
Formatted I/O Operations 

This chapter describes the General 1/0 statements which handle data in specialized formats. 

If you are using a General 1/0 ROM to control HP 9800-series peripherals, additional instruc­

tions are provided in an operating note furnished with each HP 98032A Interface Card. 

Although interfacing a peripheral device to a calculator requires both hardware and software, 

this manual is concerned primarily with describing the input/output software available. To 

acquaint you with some interfacing terms, however, a brief discussion of the calculator inputl 

output scheme is provided next. 

Calculator I/O Scheme 
The general calculator 1/0 scheme is shown in the next figure. Referring to the figure, notice 

that the 1/0 Bus transfers data between the calculator processor and peripheral devices. All 

incoming data is transferred through the processor before it is stored in memory. In this 

manual, the term "1/0" is always used with reference to the calculator. 

Processor 

,.....------- Plug-in ROM Cards -----~ 

User (RWM) Q ~;/~J Memory -~ -~ 

II I I I I I I 
Memory Bus 

liD Bus (16 lines) 

1 I I I I I 
[ 3". c;,) IJ 

Display 

Printer 

Keyboard 

The Calculator Input/Output Scheme 

~-J 
I I 

I I 
y 
,,~-

[ 
[ 
r; Interface Card 

~~~c~ 

Storage 110 Slots 

3 



4 Formatted I/O 

As shown in the figure, each external device must be connected to the calculator via an 

appropriate interface card and cable. The card plugs into any of the I/O slots in the cal­

culator's back panel. As shown, plug-in ROM cards become a part of the calculator's memory; 

each card adds up to 8k bytes of ROM. Finally, notice that external devices share the I/O Bus 

with the internal peripheral devices (printer, display, etc.). So the internal peripherals respond 

to some General I/O operations, in addition to their specific commands (print, display, etc.). 

Select Code 

As just described, each external device is connected to the calculator via the same I/O bus. 

Since all external devices are "party-lined" on the same bus, each device is assigned a 

unique address, or select code, so that the correct device responds to each I/O operation. 

For all external peripherals, the select code is an integer number from 2 through 15, which is 

specified in each I/O operation and decoded by the corresponding interface card. Each 

interface card has a switch permitting the user to set anyone of many different codes. A list of 

recommended codes is in the Appendix. 

Each internal peripheral has a fixed select code which is automatically specified by standard 

calculator statements (display, print, etc.). Both the display and the keyboard respond to 

select code 0, the tape drive responds to select code 1, and the printer responds to select 

code 16. 

The select code can be specified in the form of 

a constant, a variable, or an expression. Each 

of these write statements is addressed to the 

device responding to select code 9 • 

,-.. .. ,: .. 
1 • 
... . 
.-. II .:::. . 

! .. In. 'j,A,B,C 
1 .• .1 r t. :::, A $ (S = 9) 

1 •• .1 t" t. :3 r 1 , A , E: (r1 = 3) 

For some operations. other numbers can be combined with the select code to form a single 

expression. A general select code syntax is: 

cc[dd[ee]][ .. f] cc= one or two-digit select code. 

dd= optional HP-IB address code (must be two digits). See Chapter 4. 

ee= optional HP-IB extended address code (use with Extended 1/0 

ROM only). See The Extended 1/0 Programming Manual . 

.. f= format number (read and write statements only). 

• 

• 

• 
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Input-Output Format 

The I/O bus connecting the processor with internal and external peripherals contains 16 data 

lines. Data is transmitted in a 16-bit-parallel, character-serial fashion. The I/O operations 

described in this chapter send and receive data in standard 8-bit (US)ASCII code. 1 The 

calculator sends and receives one 8-bit character at a time. The parity (most-significant) bit is 

not used with formatted I/O operations. You'll find a brief introduction to binary coding and 

conversion in the Appendix. It's important to know the I/O formats available with each interface 

card; see the card's installation and service manual for details. 

Peripheral Interrupt 

Since the General I/O ROM is intended for use in systems where the calculator is the control­

ling device, there is no provision for peripheral interrupt operation (i.e., when an external 

device can call for an I/O operation). The calculator must be in complete control of each 

device while that device is involved in data transfer. 

To enable the peripheral-interrupt capability available on some interface cards, such as the 

98032A Interface, the Extended I/O ROM must be used. Refer to the Extended I/O Program­

ming Manual for more information. 

The Write Statement 

... ;. select code [format no.][" expression or text1[ "expression or text2 ... ]] 

The write statement outputs the characters, signs, and decimal point of each item to the 

specified peripheral. Each item in the list can be a numeric expression, text, or a string name 

(when the String ROM is in use). The value of each item is output in a free-field format unless a 

format statement is in effect. The format number can be an integer from 0 to 9 and references a 

similarly numbered format statement; format statements are described later. 

Delimiters 

A delimiter is a character that is used either to separate one expression from another inside 

the list or to terminate the list. The space (a) and the carriage-return line-feed (CR/LF) are 

delimiters that are automatically output during the execution of each write statement. The 

space is used to separate items within the list, and the CR/LF is used to terminate the list. 

'American Standard Code for Information Interchange. 
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Free-Field Output Format 
The free-field output format is automatically set whenever the calculator is switched on or 8 
is pressed. Free-field is also set whenever run or erase all commands are executed. Each 

write statement references the free-field format until an appropriate format statement is exe­

cuted; then the specifications in the format statement override free-field. 

The free-field format causes each numeric expression to be output, right-justified, in an 18-

character field. A CR/LF is given after every fourth expression output and after the last 

parameter is output. The form in which expressions appear is determined by the current fixed 

U>·i) setting. Characters within quotes and strings are output as "free text", which means that 

the 18-character fields are not used. 

Here are some examples using free-field. The output device used here is an HP 98668 Printer, 

connected via a 98032A Interface set to select code 6. For more examples, see "Format 

Statements" in this chapter; also see Chapter 4. 

First, press 8 

Then load and run this program. 

The output is shown below. 

18-char. field 

t. J 11 J 

18-char. field 

Now change line 1 and run the program again. 

I i.J" ':lljl,ilj 
!. i.)(I~:,!jl,)I)(II)" !:I ()l"l 1:1 CR/LF 

0: f::-::d 4; 1~3""A 
1: 1.1.lt"'t 6~A,A./9, 

A ..... A1E·4 
2: E'nd 

II" 111:)I:ll CR/LF 

18-char. field 

[1: f>::d 4; l~]-:rFi 

1: 1,1.1 r t 6, f'1 ~ A 'r- ~~ ~ 
Al4, fil6, Fit;:; 

I ()C!I)(:IOO" Oil(,O 

CR/LF 

Notice that a CR/LF is automatically output after the last item and after each four items. 

• 

• 

.. 
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To output text between numeric expressions, 

change line 1 again and run the program. 

w = 18 w = 18 

Formatted 1/0 7 

~~1: f::-::c:i 4; l~~HA 
1: 1.,,1 rt. 6, A, "1'·IE·t. E' 

r::.II, Ale'2, lIel"III, 

A 1 E·4, "I'll"'" 

2: E'nd 

:l,111::'1(!01). r)COO"II'1 CR/LF 

w = 18 

As shown in the printout, text is output between numeric fields with free-field. For complete 

control of numeric and text outputs, use format statements. 

The Read Statement 
select code[" format no.]" variable1 [,' variable2 ... ] 

The read statement inputs and stores data from a specified peripheral'. The number of vari­

ables in the list indicates how many data items to read. String variable names (but not sub­

strings) can be used if the String ROM is in use. Each numeric data item can consist of the 

digits 0 through 9, plus and minus signs, a decimal point, and an "E" character (upper and 

lower case). All other characters are treated as input delimiters. The data item itself can 

assume the same form as any number entered from the keyboard. 

The format number can be used to reference any of ten format statements. If a format number 

is not specified, and if a format statement has not been previously executed, a free-field input 

format is automatically used, 

lThe calculator keyboard can not be used to input data with a read statement. Use an enter statement instead. 
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Free-Field Input Format 

The free-field input format is set whenever the calculator is switched on or EJ is pressed. 

Free-field is also set whenever run or erase all commands are executed. Using free-field 

allows reading numeric data in virtually any form, provided that each item is followed by at 

least one delimiter (non-numeric character). For each variable in the read list, the calculator 

ignores all leading non-numeric characters until a numeric characters is read. Then, after 

reading the data item, reading any non-numeric character terminates and stores the data 

item. Also, reading a LF terminates the entire read operation. 

When free-field is used, the calculator cannot input non-numeric characters unless a string 

variable (String ROM) is specified. Then all characters are input until the dimensioned string 

length is filled. Reading a LF (during free-field) automatically terminates reading a string. Also 

see "Format Statements" later in this chapter, and the String Variables Programming Manual. 

Here is a brief description of the delimiters used in the free-field input format: 

• If the first character is a comma, the corresponding variable in the read statement is 

skipped and flag 13 is set. The skipped variable keeps its original value. 

• All non-numeric characters preceding a data item are ignored. If a continuous string of 

the same non-numeric character is received, each variable in the read list is skipped 

and flag 13 is set after 216 characters are read. 

• An HT (horizontal tab) character causes the calculator to skip all characters until a LF is 
read. 

• Whenever a LF is read (and it does not correspond to a preceding HT) the read state­
ment is terminated and flag 13 is set. 

• An upper- or lower-case "E" character, when part of any of these forms, causes the 

preceding data item to be multiplied by the power of 10 indicated: 

(data item)E(one or two digits) 

(data item)E(+ or - and one or two digits) 

(data item)E(space and one or two digits) 

• 

• 

.. 

... 

• 
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For example, any of these data items will be read as the number "1234" (~ indicates 

space): 

1.234E3 

1.234E~3 

1.234E+3 

1234000E-3 

• Spaces read within numeric characters are ignored. 

• The CR (carriage return) is always ignored (skipped over) during a read operation. 

The following program can be used to input 

and print the data items on this ASCII-coded 

paper tape. 

The program assumes that the tape reader in­

terface is set to select code 3. Run the prog­

ram twice to obtain both printouts. 

Notice that the read operation is terminated 

when the required number of items have been 

read, or when a LF is read. In the second print­

out, r2 was skipped and so retained its original 

value (the run command clears all variables). 

As another example, use the previous program 

to read this tape • 

The calculator ignores all data between HT 

and LF characters. More examples using read 

statements are in the next section and in Chap­

ter 4. 

1.23,2.34,3.45,4.56,,5.67 ®@ 

;;~~ f::-::d 2 

.·1 ' "T • 

2:;::;4 

4,')6 
O;\~]~] 

5~67 

1281,1335,t§j 200.5,@25E5 

'i .-, .'~, £::" 
1. .:'1 :: .:.: ,_! 
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Format Statements 
Use of format statements provides more flexible and complete control of write and read 

statements. A format statement must be executed before the I/O statement referencing it and 

provides a list of specifications for use by the I/O statement. Then, as the I/O statement is 

executed, it references the last-executed format statement rather than free-field. 

The Format Syntax 

The format number can be used to identify the statement for successive write or read state­

ments. Each format number can be an integer constant from 0 to 9; if not specified, 0 is 

assumed. When the calculator is reset (power on, 8, run, or erase all) format number 0 is 

automatically assigned to specify free-field. Also, the syntax' !"':.[format no.] assigns the 

format number to free-field. 

For example, if the numbered format state­

ments shown here appear in a program, then 

the write statements in lines 6 and 9 reference 

format no. 2, and the read statement in line 7 

references format no. 9. The last two I/O state­

ments reference free-field, however, since they 

do not specify a format no. and there is neither 

a format 0 nor an unnumbered format state­

ment. 

Each successive format statement replaces 

any previous, similarly-numbered format 

statement. A format statement with no 

parameters sets free-field. In the example 

sequence on the right, the first unnumbered 

format statement specifies free-field for the 

read statement. The write statements in lines 

16 and 18 reference the second unnumbered 

format (line 14). The last two write statements 

reference the third unnumbered format (line 

19). 

~] : f' (.', t .-. .::. , f1 (1 • . -. .:::. 
1 . f' (.', t C' E'15. ~] . ._1 , 

.-, . 

.::,. f' (,', t 9, f'6 

• • • t. : 1.,.1 rt E. • . -. .::. , A, B 
7 : re·d ~. .:.- . q -' , r 1 
c· • 
I_I • f'or I = 1 to 13 
13 : "'.' rt 1 E. • 2, rI 
1 (1: ne·>::t I 
1 1 . '.'.1 rt 1. 6, A B . , 
1 .: .• 

'- . re·d 7, A$ 

13: f',\·,t ; re·d :~:, 
A,B,C,D,E 

14: f'(,·,t c5~] 

15: h··,t. 1,5fUL0 
16: , .. ,1rt. 6,A$ 
17: , .. ,1rt. 6.1,A,B, 

C,D,E 
11

:
1

• 'j • ' ... ' rt 6, B$ 
19: f (.', t. .. e'r,d .. 5 ..... , 
20: '.'.1 r t. 6 
21 . ' ... ' r t. 16; e'nd . 

Note that if an unnumbered format statement is used. all subsequent input or output opera­

tions that do not reference a numbered format statement will reference the unnumbered format 

statement. To avoid undesired referencing, all format statements should be numbered. 

• 

• 

.i, 
I 

, 
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Data Output Specifications 

Data specs determine the form in which each data item is output. Most data specs determine 

whether a number is output in fixed point or floating point, the number of digits to the right of 

the decimal point, and the character field width in which the number appears. 

These data specs are available: 

[r] f w, d 

[r] ':::' w d 

[r] fwd 

[r] :' 

[r] , ... w 

Specifies fixed-point format. 

Specifies exponential (floating-point) format. 

Specifies fixed-point format with leading zeros in each field. Negative numbers 

are not allowed with this format. 

Specifies binary output of single characters. Examples begin on page 14. 

Specifies a character field-width for either text or a string variable (String ROM). 

• r is an optional repeat factor (see examples). If r is omitted, 1 is assumed . 

• w indicates total field width (in characters). If w is omitted,leading spaces are deleted 

from the field. 

• d indicates the number of digits (0 through 11) to the right of the decimal point. If d is 

omitted or if d is greater then 11, the current fixed or float setting is used. 

• w, d and r parameters must be positive integer constants. 

For example, the data spec i: .. :? specifies a fixed-point number with two digits to the right of 

the decimal point. The number appears (right-justified) in an eight-character field. If d is 0, the 

decimal point is not output. A number output under a data spec is always rounded according 

to the number of decimal places specified. The free-field format is equivalent to :tC:. 

Some guidelines should be observed in selecting wand d. The minus sign, decimal point, and 

exponent are part of each number and must fit in the field width specified by w. For floating­

point outputs, w should be greater than or equal to d + 7. If the calculator cannot output the 

data in the field width available, the field is filled with $s. 

The following examples of formatted output use the calculator's internal printer as the output 

device (select code 16). 
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Lines 1 and 2 output three numbers. Since the 

entire format statement is referenced for each 

number, a CR/LF is output after each. 

Lines 3 and 4 output the same numbers as 

above, but use of a repeat factor matches the 

data spec to the output list - so all numl:5ers 

appear on the same line. 

This sequence outputs numbers in various 

formats. Line 10 increments the format 

number, so that all formats are referenced. 

Outputs are shown below. 

Format 0: Format 0 is referenced twice in line 

9. Note than an upper-case E precedes the 

exponent. 

Format 1: Notice that $s fill the last field since 

the number is too large for the field width 

specified. 

Format 2: Notice that omitting w deletes lead­

ing spaces from each field. 

Format 3: The last format outputs the same 

numbers in a single column with leading zeros 

in each field. 

16-:.C 
1: f(,'!t 1'10112 
2: i,=,i rOO t C;! A , B , 

!1El2 

10.00 
O. 5~] 
2.50 

w = 10 

3: f!':'!t :3f5=2 
4: i,=) r t C:! ~::! , B , 

10.~]0 [1.50 2.50 

w=5 w=5 w=5 

6: f (,'! t 1, 4 f 4 II [i 
'(: f'(l'it 2,4fll~:i 

::;; ff"it ]~fzl6112 
9: !,:.lrt C,A,2Al2, 

:::;;f'll3; 4Al4 
10: if' (C+. l-:.C) <: 

i1: end 

1~].~:1 2.t1E ~:12 
:~;~::1(1~3.~] 4. 0E ~14 

1 0 20~~1JO(1[1$$$$ 

[1[1~)00000[1~]O 1 0.0[1 
00~~1[100[1000200. 00 
0000~]0[1003~]OO. [1[1 
0[100000[140~]O[1. 00 

• 

• 

.. 
I 

I 
I 

l' 

.. 
I 
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Text Character Fields 

The' data spec specifies a fixed character field for corresponding text or a string variable in 

the write statement The characters are output right-justified in the field, If the field is too small, 

it's filled with $s. 

In the example on the right, the first two lines of 

text fill the field; the third line is too short; the 

last line is too long. 

Output Edit Specifications 

~J ~ f fl'! tel ~.::! , f 5 :; 1 
i ~ i,IJ r t 1 6 ~ II Fun c· t 

II ,-, 

Ion = ::11 
;: Pel o. r 

; B 
4; i,:,! r~ t 1 6, :: A I.) =::' ( G . 

. ~ E" \:! G. 1 !) E' .- , D +-
E~'E 

Pc.)lo.rit'/ - ~~1=O 
PhG.:::.E' = [i = ~:; 

w = 10 

These edit specs are used to control the placement of output data and to output character 

strings: 

[r] > 

[r] 

Outputs a blank character space. 

Outputs a CR/LF. 

[r] TEXT' Outputs the ASCII characters within quotes. See the following 

examples and the Appendix. 

Suppresses the automatic CR/LF output after each write statement. 

Any combination of specs can appear in the same format statement; each spec must be 

separated by a comma. Most of the specs can be duplicated r number of times by using the 

repeat factor. 

For example, referencing this statement 

causes the first fixed-point field to appear 

twice, followed by four character spaces, and 

then another fixed-point field. 

~] ~ f fl'i t ~~ f 6 :I 2 , 4 ::< , 

flO = 1 
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The program on the right shows how to format 

a three-column table using the internal printer. 

You can use the same method, of course, with 

external output printers. 

Suppose that the entered values are 5, 9, 15, 

25, and 64. When formats 0, 1 and 2 are refer­

enced in line 6, CR/LFs and the column head­

ers are output. Notice that spaces are used to 

position the characters, and that a :, data spec 

causes the binary value of decimal 29 to be 

output, printing the character 2. (The complete 

character set is shown later.) Then line 7 refer­

ences format 3 for the numeric outputs. Here, 

spacing is determined by the data field widths. 

1 , 2 ::<, II n :: , 
:~: ::<, :1 n :: , b , :3 ::<; :: 1 ,"" 
n " 

4: f fl'j t 2, 1 6 I: - I: 

5: ffl'lt :~;;f:3.(i, 
f611[1,f611:3 

6: '.'Jr1. li:,;'.'Jrt 
161: 1,29; !,:.!rt 

7~ !,l.lrt 16113,rA, 
rAl2, 1."" rA; j (I'if) 

(A+l·tA)=6 
:::: 1.I.irt 16;E'nd 

n 1./n 

~ '-1 !::" ~] 2 0 i:".;: - C. ,_, · r_l 

9 ::: 1 0 1 ; ; · 1 1 

1 5 22 c:; ~~1 · 06 7 -
'::1 0::- 6 .-, 0::- 0 ~]40 "- ._1 .::. ._1 · 6 4 4096 (1 · ~] 1 6 

The next program, which produces a table of trigonometric values, uses a 98668 Printer. 

Although the program is similar in programming technique to the previous one, here are some 

exceptions (a sample printout is on the next page): 

• Spacing between table columns is achieved by placing blocks of spaces between each 

number, rather than by adjusting the width of each data field. 

• Notice the use of text (in line 5) to enclose the radians entries. 

.. 



• 

• 

'. 

De~rees (Radians) 

i) 0.1)(1' 
1(1 O.l·?> 
;~~: ki ~~~ A :~:: ~i ::. 

::':(1 (0. ~52> 
4~] (0. ,?'O> 
~i[1 (0" ::::?) 

6~~1 (tAO:;') 
((1 (1. :c:::: > 
:::0 (1.4(1> 

9~;,1 (l~:i?:.1 
HlD (1. ?~:) 
110 '1.9:::> 

12:0 (2. [19) 
l:3~) <2~ ;;:::"?) 
:1.4(1 (::.44:' 

15~~~ (2M 62) 
16'J (2."/'3) 
1?~~1 (~::" 97:.1 

1:::0 (:;:.14) 

1: f 1':', t :3 (1 ,:{, :: T r :i .~ 

2~ de'::I;:::.f'::l 14; 

t"eE':::· (F.~!J.d i G.ns) 
, 1 ~~ ::<, II Sin E' :1 , 

1. ~~i ::<, II C 0 ~::.:. i n 1::' II , 

1 c~ ::<, :1 T G, n ':3 E' n t :1 , ,"" 

t:" , 
,_I II 

!.:.i r t 
f f"! t 

~. .::= 
..... I: :.... 

( II , f 4 " ~~~, :1 ) 

15::-::, f61& 3, =3::{, 
f6:: :~;, 1 [1::{; E'10z, 3 

6 ~ i,:,i t .. t 6:1 J , ::.:: , i1' ::.:: ..... 

1 ::: [1 , ~:. i n ( >:: ) , co::::. ( 

7: r:!+'i'~A 
;:;: i+ !:-1=::~~;;~~!":;'A; 

1 0: 1,1.1 t" t 6 Iii 1 
1 1: !::' (i d 

Tri~onoMetrlc Table 

0.0(10 
(1.1. '?4 
O. :::;:42 

(1. ~5,"1(1 

0.64:::: 

0. ::::66 
0.940 
0.9:::5 

1 . (H]() 

~:1 ~ ":.I ::: ~5 
O. '~4[1 

~3. :::66 
~)u?c;6 

~j. 643 

O. ~501~j 
0.::::42 
(1. 1?4 

:l" 0;:'0 
n" 'jC:~=:i 
II" 940 

i2t"e66 
0 .. "?66 

0" ~5~)O 
Ci" 34 ::: 
D.174 

CI" 0(,10 
·····0. I. 74 
-0. ::::42 

"~~o" :~:;UI;:J 

--0" 643 
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(1. (lOOt: ~III 
1. (1::::::[:-,:) 1 
:::. ,:;::4>:11::·····1'11 

5" ?'?4E: "'~c11 
I::. ::::'91E "'Ul 
1.19:c:E C1D 

1. (32E (11) 

:::. l4?E ~'10 
::" 671E O~I 

'3" '~9'::~E r)':~1 
·····~5. t::'lE 00 
-:::. ?4?E ij~) 

..... 1 • ?3:,~f: ;J!j 

-1.19:2E 00 
--:::.391 E-I! 1 

..... ~:. ??4E-Ui 
-::" ':;:,IOE ··IIi. 

·····1 .?t:JE "'I:!I 
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Printer Character Set 
The program on page 14 shows how to print a new character on the internal printer. As shown 

in the next program, the :' data spec can be used to print any character in the printer's 

character set. 

The program on the right prints numbers 0 

through 127. It also outputs each number's 

binary-equivalent value, causing the printer to 

output its entire character set. A complete 

printout is shown. 

Internal Printer Character Set 

' .... !:;: .. I •• ,:! r L: I? " . .... , L .. i 

:,.l 

,.', 

... ,: ... 

"t' 

',.': 

,'T 

., 
.J. :; .. : (line feed) 

(carriage return) 

.,.= L··! 

::::,:::" :.,:, 

:!:.: 

.J :: 

.!. :: 
.... : :: 

•••• J :: 

.j J, 
',.:':.: 

:::1· :::1· 

::::;:::1' 
!:::'!:::' 

::::;;:::. 

!:::; '? 

f fl', t f:3:: i;::i , 6 >:: :: ~:::: 

!,:,! ( t :1. i:::=:! I ~ I 
i f i: I .+. 1 .} T ) <: 1. ;;::~ 

(space) 

'.:': 

:, .. : 

.. 
I 
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" •-

i6 
.. ':: , 

I:: :I. 

···.··"1 
::::: .. :: 

:: 4 

C 
D 
E 
F 
! .. :: 

H 
i. 

".I 
}: 

L.. 

... 
; 

! i 
!,.,l 

\.1.: 
z •• 

", 
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b 

.j. 

.!. 1 '::.1 

1 1 ... 1 

:l. 1 :::; 
'i 'i ., 
.L L .. 

Referring to the printout, notice that most of the characters and decimal numbers correspond 

to ASCII codes (see the table in the Appendix). But notice that two codes, 10 and 13, do not 

generate printer characters. Instead, 10 causes the printer to linefeed and 13 is ignored. 
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Another method of listing the printer character set is to print a string variable (String ROM) 

containing character values from 0 through 127. Here's the program and printout. 

1: ~:i-+I 

2: cho.r(I)-ti~$[I+ 
1 ] 

3: if (I+l-tI)<l;;:~ 
;:: ; .j fl', F== - 1 

4; f:·t"t. A$ 
5: E'nd 

10 13 
t t 

~~:! ~:~ =~:: i::i !.:!. i==i 6 t) b U Ci if: (E; 2 £ }~ 
! II *i: ::t~ ~.~ ;~.:' ( J .~~ + , .- = " 

~ o.bccIE:·f '~ih i j k 1 f:'ino 
f.:: =::!:. I""" :::. t i) !.) i,:,1 ::< '::" Z ff I .~!. I: ~M 

Notice that with a print statement, the printer generates characters for string values 10 and 13. 

But if the string is output to the printer using a write statement (see the next line and printout), 

the printer does a line feed for 10 and ignores 13. 

4: 1,.1 r- ~. 1 6 , A $ 

f , 
12 14 

This last printout shows another important point: The internal printer does line feeds during a 

print statement to accommodate long strings or text, but it does not automatically do line feeds 

for write or write binary statements. The second line in this last printout was printed because of 

the line feed automatically output after the write statement. 

Similarly, line feeds must be sent to the display when using write or write binary statements. If 

not, output data will be lost. For example, execute this line: 

'------__ ~J 

Now add i and execute the line again: 

'------__ ~J 

• 

1 

j 
I 



'. 
i 

I· ii 
II 
I 
j 

Formatted I/O 19 i 

Display Character Set 

The same character set available on the internal printer is available for use in the display by 

using the:. data spec. Also, adding 128 to each item output with:· causes a character-editing 

cursor « or ::::0 to flash over each corresponding character. The cursor which appeared last in 

the display is used for this operation. 

For example, this sequence. 

displays the message "Program Secured!" in a 

field filled with flashing cursors. The resulting 

display is shown below. 

Single Character Output 

5: 32+12;:;-+C 
6: t'i"t :::b, "F'ro'::3r 

G, fl'! ::; E" cur E" d :1 ~ '3 b 
7: !,I.irt [;,C,C,C, 

C, C, c, C, C, 33, C, 
C,C,C,C,C,C,C 

;::: E'nd 

To output single ASCII characters without CR/LFs, use either the write binary statement de­

scribed in Chapter 3, or one of these methods: 

.. characters" ....•.. select code 

or 

...• select code·' decimal value 

For example. the plug-in unit in an HP 3480 Digital Voltmeter can be remotely controlled by 

using appropriate ASCII characters. The plug-in unit is connected via an HP 98032A I/O 

Interface Card (select code 2). The DVM mainframe is connected via an HP 98033A BCD 

Interface (select code 3). 

In this program sequence, first the 3484A 

Plug-in Unit is set to the 100 mV range by send­

ing an ASCII "EOM" (decimal 4); then a data 

reading is taken. Line 8 sets the plug-in unit to 

the 1 V range by sending an ASCII "@" (deci­

mal 64) before another reading is taken. 

5: t'lYit i,b,z 
6 ~ 1,:.1 r t 2 a 1. , 4 
7: red 3;A,E: 
B: i,:J r t ::::::a 1 , 6 4 
:3: r I::' d :3; R ;; C 
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Text in Format and Write Statements 

As shown in the preceding examples, text to be output can be included in format or write 

statements. For programming convenience, however, it's recommended that text not be 

placed: 1) in both format and write statements for a given output, and 2) as the last item in a 

write statement. The following examples show why. 

Suppose that we wish to output this line on an external printer ("OM" indicates Deutsche 

Marks): 

So.l E'::;· 10DM for th~ last 

'--v--' 
w = 6 

'---v--' 
w = 3 

This sequence could b~ used with no problem (assume that A = 10 and B 4): 

..... I' :, T I:::: 11 i:::, " :U! ,", .. 01-
:) .... ;= 't' ..... :: .. ': .. ... ::: , . 

Notice that all text is in the format statement. If all text were placed in the write statement: 

This output would result: 

:::; oJ. 1 E' ~;. =: 

f'·lontl·"I:::., 
10DM for the lost 4 

Since there were more output items than format specs, a CR/LF was output after the last spec 

was referenced. Then "months" was output, followed by another CR/LF, at the end of the write 

statement. 

Now suppose that we wish to output the same line, but have each write statement determine 

the units: "DM ... months" on one line and "K$ ... days" on another line. Here is one method 

and its results: 

:::: :.: .. 1. I:::' :::" :::::: I ': f i : " !:: ~ '! 
.1 •• 

:.! i::"-

........• : .... ,. j,". ", 

~:; G. 1 E':=2· 1 (1 f () t t hE: 1 (l.:?O.t D!'1 4 f"lell'''lt i··I:::. 
So. 1 E':::' 1 (1 f I) r t hE 1 (I :~. t k ¥ 4 d(l .. /:=. 

., I 
I 

I 
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The problem of extra CR/LFs is avoided here by referencing data spec c·. But notice that text 

preceding each spec is output before text preceding each variable. So the units DM and K$ 

are in the wrong place! To output the units in the correct order, use more c specs: 

f (),. t 1··1 " 1 c. ::::. t 
:i.:: I,t) (' t (::;~! ::::::! t I :U i't'i I: ~! E~~! I: ;: i :,) (: 'f:. i· i ::::. II 

;;::: :: I,:,! (' t (;~! i:::! ~I I I k ::l:: :: :1 F: ~i : I !,J C. ::- ::::. :I 

::;0. 1 E·~::· - 1 OIit'1 f () ~ .. \ hE" 1 (I.s·t 4 (",ont h:~. 
::;0. 1 I:' :;:. 1 Ok ~: f Ci r- t he 1 o. ~7.. t 4 (;10,'/:;::· 

When using text in format and write statements, remember: 

• Place all "fixed" text in the format statement. 

• Place all "variable" text in the write statement and reference ': data specs. 

• Text (and all other edit specs) preceding each data spec are always output before text 

preceding the corresponding item in the write statement. 

Data Input Specifications 

Data specs can be used to determine which characters are input from a data input string, and 

in what form the data will appear. When a format statement is referenced by a read statement, 

the read operation is not terminated until a LF character is read (unless the edit spec:' is 

used). A general data input spec syntax is: 

[r]f [w] 

• r is the number of consecutive times the spec is to be used (if r is 1 it may be omitted). rand w 
must be integer constants. 

• w is the width of the data field to be read. Omitting w specifies free-field read for the correspond­

ing item(s). 

A data spec like calls for reading ten numeric characters; all non-numerics which 

precede a numeric are counted but not entered. If an "E" is read within a numeric field, a 

number of the form L " dd is entered. 
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The following examples use an HP 9883A Tape Reader via a 98032A Interface set to select 

code 3. The paper tapes shown here are coded in ASCII. 

To read this tape containing three data items. 

run this program. 

(1 · f "It .:. f 4 · ._' 
1 · t"E·d 

.-, A E: C-· .':1 , , , 
.-, · f ::< d 

.-, 
.::. · .::. .-, · P t" t A E: C ;., · , , 
4 · E· nd · 

Notice that four characters were read for each data item. 

Now delete line 0, and run the program to read 

the same tape again. 

123423453.45 @ 

1 .-, :~;4 ~j [I .::. · .-, 
.::. :345 · ~j ~~; ':1 4 c:-._' · ._1 

12342:345:~: II 45 
(1.0~~i 

[i.O~3 

Referencing free-field inputs the entire data string into the first variable; reading the LF termi­

nates the read operation, skipping the last two variables. 

To read this tape. 

run this program. 

[1 ~ :t ";1' 1=' ; f j':i t f J 
1.: f" I::' d ::::,!" Pi ~ .j f:'j p 

( :::: .+. 1 .. :,. i=: ) :> 4 
;~::: f ::< d ~~i 

t-.::j. 

4; ,=·nd 7B 

Since there is a LF character after each data item, the read statement had to be repeated to 

input each item. 

• 

~! 



• 

• 
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Input Edit Specifications 
The following edit specs can be used to increase input format flexibility. An example use of 

each spec follows. 

[r] >: 

[r] / 

[r] C w 

Cancel LF as terminator. 

Skip character. 

Skip da.ta item. 

String field width. 

The;' spec causes the calculator to read only the number of characters specified in the rest of 

the format statement. The read operation is automatically terminated after the characters are 

read, without the need for a LF character. 

For example, this tape has 9 two-digit num­

bers, but no LF character • 

Run this program to read and print all nine items. 

(1: 1-Hi 

;2: t":::'d 3, rA; j (,'iP 

(fi+1-tA»'3 

4: t-'rt i"'A;j;,,!p 
(A+l-"'A) >'3 

122334455667788990 

12 
23 

:5 t. 

The .::. spec causes the calculator to skip (not count) r number of characters. For example, to 

read and skip alternate items on the previous tape, run this program. Notice that the entire 

format statement is referenced for each data entry. 

(1: t'f,'!t z,f;;:~,2>:: 

1: rE'd 3,F1,E:~C, 

D~E 
2: f::-::d [I 

E 
4; E'nd 

J 
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The ..... spec causes the calculator to skip all data which precedes r number of CR/LF charac­

ters. 

For example, to read only the first and last 

items on this tape. 

run the program shown below. 

0: f"Jt f2,3./,f2 
1: t"E·d 3,A,E: 
2: f ,:':, d ~~i 
.:!: prt R,B 
4: E·nd 

; -, 
1 ..:. 

The; spec indicates the number of characters to input into a dimensioned string variable 

(String ROM). All characters are entered until either the dimensioned string is filled, or w 

characters are read. When ;. is used, reading a LF does not terminate a string input. 

Reading into a string variable is a convenient way of storing all characters in a data item, 

including non-numerics. Later, any character or portion of the string can be evaluated using 

String ROM operations. 

For example, the HP 98033A BCD Interface inputs data from a measurement device, such as 

an HP 3480 Digital Voltmeter, and transfers ASCII-coded data to the calculator in this 16-

character format: 

(sign) D1 D2 DJ D4 Ds D6 D7 DB E (sign) D9, (overload) D100 

Since a delimiter follows each data item, it's 

easy to read the numeric items by using a read 

statement with free-field format. 

By reading into a string variable, however, you 

can evaluate any portion (substring) of the 

string later in the program. Running this SE:qu­

ence stores the data reading in A, the overload 

numeric character in B, and the function code 

in C. 

:~;: rE'd 3,A$ 
4: !.)!J.l(A$[1,1;2J 

5: i,) O. 1 ( A $ [ 1 4 , 
14 J ) M:r B 

6~ 1,)0.1 (f,$ [15, 
i5J)··;<: 

See the String Variables Programming Manual for other String ROM operations. 

&1..,,1 . . ~ 

• 



Formatted 1/0 25 

The Conversion Statement 

The conversion statement sets up a character replacement table for use with read and write 

statements. Up to 10 pairs of decimal codes can be specified at a time. Each new conversion 

statement cancels the previous table and sets up a new one. A conversion statement with no 

parameters cancels any previous table. 

In this program sequence. 

line 8 sets up a conversion table which 

changes the spaces (decimal 32) output bet­

ween numbers in line 10 to asterisks. Then line 

11 cancels the previous table. 

As another example, line 6 on the right 

specifies that whenever an ASCII "I" (decimal 

;:;: con!.) 32,42 
9: ff"tt :~;fl[1112 
10: i",lrt 6,A~E:,C 
11: con;.) 

1 .'., '-' 

47) is read in line 7, it will be converted to an 7: t"E',j 3; R$ 
ASCII "HT". Also, whenever an ASCII "NULL" 

is read, it will be converted to an ASCII "CR" (decimal 13) . Changing these input delimiters 

causes the calculator to skip all characters read between a I and a LF, and ignore all NULL 

characters. Input delimiters are described on page 8. 

The List Statement 

A select code parameter can be used with the list statement when the General 1/0 ROM is 

plugged in, enabling program listing on a peripheral output device. The new list syntax is: 

.ii; [i;select code][ line nos.] 

The optional line numbers remain as described in the operating and programming manual. 

A I isting of the same program described on page 15 is shown next, output to a 98668 Printer 

via a 98032A Interface set to select code 6. Referring to the listing, notice that three CRILFs 

are automatically output before and after the listing. 

;! 
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0: f"lt 1, ~i/; 1,',lrt 6.1 
1: f f"lt :30::< ~ tl T r i ·::;IDnOft't~:.::·t t~ i (. TO.b 1 e " , 2·,' ; i.IJ t~~· 6 
2: df.";;i; ~.f.:~ 14; (HH-':'< 
3: f'f(tt 2,t:::<~ "DE"::;! (E'i::':'::. (Po.dio.n:::·)", 1;~:::, "::;inE"" 10<, 'ti~.()::~ . .inE"" 12:::, "T(I.I'''I·:;:I~,:·ntt', .... 
4: 1".In 6.2 
5 : f 1"1 t :~: ~ ':::~ >:: ~ f :;;. ~) ~I II (':, f 4 . 2, II ) It ~I 1:; ::< , f 6 " ::: ~ ':::~: . , f 6 u :;:, l 0 ::< , e l (:! • :3 

7: H+Hti 
::: : if H~~::::; l1-:.H; f "It ; 1".Ilt 6 
9: if 1 ::::0 »':; :'<+ 1 (1"":<; '3t. (0 6 
10: 1,1 n. 6. 1 
11: ':;'nd 
*24:::41 <-checksum 

If not needed, the CR/LFs and checksum can be suppressed by adding a decimal point and a 

non-zero digit to the select code, For example, use this statement to list the last half of the 

program shown above: 

:::: if f1"'J; ('1-"H; f "It ; 1,.1 1"'1: 6 
9: if 180>X;X+10~X;gt.(o 0 

1 ~=1 : I,,! ('1:, C":l 
11: o::'nd 

The checksum and CR/LFs are not suppressed when this list statement is used with the 

internal printer (select code 16), 



Chapter 3 
Binary I/O Operations 

Binary I/O operations are available to read and write individual data characters, and to trans­

mit or receive control information using interface status lines. Binary I/O operations do not 

reference format or conversion statements. The data I/O modes and status line meanings are 

determined by the interface card; refer to each card's installation and service manual for 

details. 

The Write Binary Statement 

.. ;. ::; select code '; expression or text1 [; expression or text2 ... ] 

This statement outputs the 16-bit, binary-equivalent result of each expression or each charac­

ter of text. The usable range for each expression is an integer from -32768 through 32767. If 

the interface handles data in an 8-bit fashion, as does the HP-IB Interface or the 98032A 

Interface with byte mode, only the 8 least-significant bits of each integer are accepted by the 

interface. Usable range can be 0 - 65535 if fig 14 is set. Setting fig 14 overrides the overflow 

error normally encountered. (This is for any operation accepting 16 bit expressions.) 

Here is a short program which uses write binary to print the same title and internal-printer 

character set as shown on pages 16-17. A portion of the printout is also shown below. Notice 

that a line feed (decimal 10) must be sent at the end of each statement to print the line (line 

feeds are not automatically sent after binary output operations). 

~J: ~]-:rA 

1~ !.,.ltb 16,IICHAf:;:~A 
CTEF.: ::;ET", 1 0 

2: : l,:,i t b 1 6 , A, 1~] 
:3: if (A+l-tFI) <12 

B;..,i("IP H-l 
4: E'nd 

CHAPACTEP ::;ET 
~ 
I~I 

>:: 

C( 

f.; 
r 
Pi 

IJ 

27 

I! 

--------- -----------"-~~~~------'---------~-~------.:------"" 
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The HP 9871 A Printer has a variety of functions 

that are controlled by using sequences of de­

cimal codes. Here are program segments that 

set the top of form (dec imal codes 27 and 84) 

in line 6 and form length (27,70, int (n/64),int n) 

in line 7. For a form length of 8 inches, n is 768. 

Line 15 outputs a form feed instruction. The 

printer interface is set to select code 6. 

l; i,l) t b 6 ~ ;~~? , 7 [i ~ 

1 n t i, (' 1:1 d ."" !:: ~} J ~ ? 6 ~:; 

; r::: II 
~ '.~; " 

• • • 

The Read Binary Function 
select code:: 

Read binary is a function that inputs one 16-bit character and stores its integer-decimal value. 

If the interface handles data in an 8-bit fashion, the eight most-significant bits are read as 

zeros. 

For example, to read this ASCII-coded paper 

tape. 

Run the next program. 

The program assumes that the HP 9883A Tape 

Reader's interface responds to select code 3. 

Notice that the read binary function is prog­

rammed as part of the print statement. Line 2 

continues the program until a LF is seen. Com­

pare the list of decimal numbers with the ASCII 

characters listed in the Appendix. 

1 

1234,2345,3.45 @ 

f ::< d ~:) 

t:'rt rdb J)..:rH 
if A#l~:; .,.1f:'iF=:·-

49 

51 
52 

51 

44 

46 

5:3 
1e 
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As an interesting exercise, execute this line. 

Now press each key, except 8, to print its decimal equivalent code. Notice that Live 

Keyboard is disabled while it is involved in an I/O operation. To halt the calculator, press 8. 

The decimal key codes returned by using this method generally do not correspond to ASCII 

decimal codes. A complete set of decimal key codes is in the Appendix. 

The Read Status Function 
select code: 

This function reads the current status information transmitted from the specified device and 

returns a decimal-equivalent number. The number of status bits and their meanings are 

described in each interface installation and service manual. The status information available 

from the HP 98032A Interface Card is described later in this section. 

KDP Status Bits 

Status information from the calculator's keyboard (K), display (0), and printer (P) is combined 

into an 8-bit byte. Although most of the bits are for internal use only, two bits have program­

ming uses: 

7 6 5 4 3 2 o 
I I I 

Printer Out of 
Internal Use Only --- 1 0 

I I J 
Busy Paper 

• Bit 0 - Is always o. 

• Bit 1 - Is 1 whenever the printer is out of paper. 

• Bit 2 - Is 1 whenever the printer is busy. 

• Bit 3 - Is always 1 (except when 8 is pressed). 

KDP Status Bits 
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So, if paper is loaded in the calculator, store 

and run this line (use either select code 0 or 

16) • 

The display should flash continually. 

~3: d::.F-' rd::. ( 16) ; 
1.,.10. i t 1 (1(1; .j f'IP (1 

'-------------)] 

Bit 3 will always appear as "1" (binary 8) to the read status function. 

Now press 8. Now the display is. 

since the printer is busy in the print all mode. 

Press 8 again to switch the mode off. Notice 

that status bit 2 (decimal 4) is added to the 

byte whenever the printer is busy. 

The segment on the right shows how to avoid 

error 15, out of paper, by watching for the addi­

tion of status bit 1 (decimal 2). When a status 

byte of 10 is returned, the rest of line 0 is exe­

cuted. 

The above method works, provided that the 

printer is not busy. The lines on the right check 

for both status bytes which indicate "out of 

paper". 

'-------------~] 
'-------------~] 

1: if rd::.(16)=U] 
id::.p "Ol.lt of 
P'J.PE· r-t-t-t" ; ::.t P 

2: prt. A$ 

4; if rd:.::.(16)=14 
; .j fl'! P ;? 

6: d :::. p 11 0 i) t 0 f 
F o. F== ~~. I'" .oj- -t .~. :: ; ;. t F) 

7: Pft A!: 

Fortunately, there's an easy way to isolate one bit of the status byte; this expression can be 

used to isolate bit 1: int(n/2)mod 2 The number returned is either 0 or 1, reflecting the state 

of bit 1. 

Here's a program segment that's equivalent to 

the one shown above. 

[1: int(rd:=.(16)."" 
2) ("tod2-tA 

1: if A=Ud:=.p 
"Ol.lt of PO.PE·r-t-t 
,*u;:=.t.p 
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Tape-Drive Status Bits 

The status bits available with the internal tape drive are shown below. 

7 6 5 4 3 2 o 

Protected Tape Tape Inter-file Cartridge 
Tape Internal 

Tape Direction MotIon Gap 0 Out Drive Use 
Failure Only 

• Bit 0 - Is for internal use only. 

• Bit 1 - Is 1 when a tape drive (hardware) failure occurs. Check the tape and then repeat the tape 

drive operation to verify the failure. 

• Bit 2 - Is 1 when a cartridge is not loaded. 

• Bit 3 - Is always O. 

• Bit 4 - Is 1 whenever the tape is positioned at an inter-file gap (between files). Bit 4 is usually 1, 

except when the tape is moving. 

• Bit 5 - Is 1 whenever the tape is moving. 

• Bit 6 - Is 0 to indicate forward tape movement and 1 to indicate reverse tape movement. 

• Bit 7 • Is 1 whenever the tape is protected (RECORD slide). 

Tape Drive Status Bits 

Here is a program sequence that checks for a 

protected tape before recording data. If bit 7 is 

1 (decimal 128), ""T"",:! " is 

displayed. 
=::" c t t;' d T (I. P E'! II ; 

i).i r t 0 ~ ~:'1 ; :::. t r:: 
9; (cf ::;::iiCL.:!FJ 
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Interface Status 

The 98032A Interface has nine status bits which can be monitored using read status: 

8 7 6 5 4 3 2 o 

Peripheral Interrupt DMA I Invert Invert Exte~ded Interface ID Input Output Status Status Status 1 0 Status 

I Data Data 
J 

• Bits 0, 1 and 8 - Indicate states of optional peripheral status-input lines. 

• Bits 2 and 3 - Indicate states of logic levels preset on the 98032A. 

• Bits 4 and 5 - Are preset to 0 and 1, respectively, on the 98032A. 

• Bits 6 and 7 - Indicate operating states on the interface card. DMA (direct memory access) and 

interrupt functions are usable only with an Extended 1/0 ROM. 

98032A Interface Status Bits 

Refer to the 98032A manual for complete details on status meanings and status-input lines in 

use. 

The 98032A Option 066 Interface Card uses bit 

8 to indicate when the HP 9866B Printer is out 

of paper. The Peripheral Status bit remains at 1 

(decimal 256) except when the printer is out of 

paper. Here is a program segment that checks 

for a 1 at bit 8 before sending data to the 

printer. 

4: if rd::.(6)<257 

OIJt of PO.F-'E· r" ; 
::.tF-' 

6: I .. Jrt 6,A$,B 

The Extended I/O ROM permits using additional parameters in the read status function, enabl­

ing other bytes of status information to be read from some interface cards. Refer to the 

Extended I/O Programming Manual and the interface installation and service manual. 
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The Write Control Statement 
!.,.!t c· select code" expression 

This statement outputs a binary number to control functions on most interface cards. One 

number is allowed with each statement. The available bits and their meanings for the 98032A 

Interface are shown below. 

7 6 5 4 3 2 o 

Enable 
Enable Enable Preset Auto NIA NIA CTL 1 CTL 0 

Interrupt' DMA' . 
Handshake 

'Usable with Extended 1/0 ROM only. 

98032A Interface Control Bits 

Control bits 0, 1, and 5 are used to drive interface output lines CTL0, CTL 1, and Preset. CTL0 

and CTL 1 are optional peripheral control lines, while Preset is used to initialize the peripheral 

to its power-up state. A preset signal is automatically given when the calculator is switched on 

or when 8 is pressed. The interface ignores bits 2 and 3. Bits 4, 6, and 7 are usable only 

when the Extended I/O ROM is in use. See the interface manual and Extended I/O Program­

ming Manual for more details. 

Alternate Character Set 

The 9825A calculator has an option which provides an alternate character set for the display 

and printer. The alternate character set is Katakana which is used in Japan. 

If the Katakana option is installed, it can be selected by executing !.'.! t ;:::. Ci" 1. The normal 

character set is reselected by pressing IRESET) or executing !.'.! t c· Ci" i:::i" 

Without the optional alternate character set installed, !.'.! t ;:::. i?', :L will disable the printer and 

the display. This should not be done when the calculator is in the print all mode, because the 

heating elements that produce the dots on the thermal paper may be left in the ON state, and 

they could be destroyed within seconds. 

CAUTION 

IF THE PRINTER IS ACTIVELY PRINTING, !.'.! .!:. c· Ci:, 1 

SHOULD NOT BE EXECUTED BECAUSE IT COULD CAUSE 

THE PRINTER TO BURN OUT. 

Executing 1.:) c. :i. t ::::; jj l? before executing 1.:) t c· =::.=:! :L will ensure that a print operation is 

complete before the printer and display are disabled; thus, avoiding the possibility of destroy­

ing the printer's heating elements. 



Chapter 4 
HP Interface Bus 

This chapter describes how to control and exchange data with instruments via the HP Inter­

face Bus (HP-IB). Also included here is a brief description of the HP-IB and the 98034A 

Interface Card. For more information on the bus card, refer to its installation and service 

manual. 

The General I/O ROM operations described in Chapters 2 and 3 are used to control each 

instrument via the HP-IB. You should be familiar with those operations before continuing in this 

chapter. 

Overview of the HP-IB 
The HP Interface Bus has a serial-byte bus structure which permits bi-directional communica­

tion between many instruments. When a controller such as a calculator is used, up to 14 

additional HP-IB compatible devices can be controlled via one interface card. 

Instruments can be controlled or programmed and data can be transmitted between devices 

on the bus. This is possible since each instrument connected to the bus has the potential of 

being a talker (send data) or a listener (receive data). Each instrument has a unique talk 

and/or listen address by which a controller communicates with the instrument. A unique 

handshake technique allows the communication to take place at a speed determined only by 

the specific instruments being addressed. Slower devices will not slow down the communica­

tion speed of the bus when they are not addressed. 

In addition to the talker, listener, and controller functions, one device can be assigned the role 

of system controller on the bus. This instrument communicates with every other instrument and 

can halt and reset all bus operation at any time. The calculator is normally set to be the system 

controller; the function is enabled on the 98034A Interface Card. 

35 
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Bus Messages 
A common set of bus messages are used to transmit all data and control instructions between 

instruments. The bus messages used with the General I/O ROM are listed briefly here. 

Message Name 

Data 

Remote 

Abort 

HP-IB Messages 

Description 

Transfers data and control information between instruments. To input data, use 
read statements or the read binary function. To output data, use write 
or write binary statements. 

Sets all instruments for remote operation, enabling control via the bus. The Remote 
message is sent whenever the calculator is swiched on or 8 is pressed. 

Halts all bus operation and returns control to the calculator. Press 8 to send this 
message. 

The Data message usually contains a list of talker and listener addresses and is followed by a 

string of characters representing data or other instructions to the assigned listener(s}. The 

General I/O ROM, however, automatically generates the Data message to communicate bet­

ween the calculator and the instrument specified by an address parameter (described later). 

So the General I/O ROM permits control of one instrument at a time on the bus. 

When an Extended I/O ROM is in use, many other bus messages are available, enabling 

complete control of bus functions; refer to the Extended I/O Programming Manual for details. 

The HP-IB Card 
The HP 98034A Interface provides HP-IB capability for the HP 9825A Calculator. The bus card 

buffers all data and control messages between the calculator and instruments on the bus. The 

interface is preset to respond to select code 7. 

Each instrument on the bus is connected through a 24-wire cable with a piggy-back connector 

on each end. Cables are available in 1,2, and 4 meter lengths. Total cable length for a system 

can be up to 20 meters. The next photo shows two bus cables connected to an HP 3490A 

Multimeter. 

• 

• 
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Connecting Bus Cables 

HP-IB Addresses 
The General 1/0 ROM provides simplified control of instruments via the HP-IB by using a 

select-code parameter containing a three- or four-digit integer. The first one or two digits 

specify the bus card select code, while the last two digits represent the address of the 

instrument on the bus. 

Instruments having HP-IB capability are assigned unique 7-bit ASCII characters for talker and 

listener addresses. 1 A controll ing instrument, such as the calculator, uses the address 

characters to indicate which instrument is to talk (send data) or listen (receive data). For 

example, here are the addresses usually assigned to some instruments: 

HP-IB Address 
Instrument Talker Listener 

98034A Interface U 5 
3490A Multimeter V 6 
9871 A (Opt. 001) Printer A 
59309A Digital Clock P 0 

'Bus addresses for most devices can be changed. if needed; see the manual furnished with each instrument for details. 
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Now, using the ASCII table in the Appendix, convert the five least-significant bits of each 

character's binary form to a decimal value: 

Address 

Instrument Character 5-bit Value 

U 21 
98034A Interface 

5 21 

V 22 
3490A Multimeter 

6 22 

01 
9871 A Printer 

A 01 

P 16 
59309A Clock 

0 16 

Notice that the 5-bit value for talker-listener instruments is the same number. 

These numbers are used as the HP-IB address code in select-code parameters of General I/O 

operations. The HP-IB address code must always contain two digits; if the 5-bit value is a 

one-digit number (e.g., 9), a leading zero must be used (e.g., (9). 

As examples, these write statements are ad­

dressed to a 9871 A Printer via a bus card set to 

select code 7 • 

98034A select code 

j !:inter address 

ia; i,l,i r' i:. '? ij 1 , Fi , t: :i 

1~ ffl'!1:. ~=;;2c30 
2; i.;) r t ? C! 1 R ~:; , fi :~~ ~ 

C:t· 

format number 

This addressing method permits using all appropriate General I/O operations via the HP-IB. 

Typical example programs and sequences are shown on the following pages. 

• 

• 
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Controlling Listeners and Talkers 
Instruments designated as listeners on the bus are controlled by using write and write binary 

statements. The address-code parameter just described must be used in each I/O operation. 

Here is a short program which prints a listing of r-variables using a 9871 A (Opt. 001) Printer. 

The printer bus address is set to "J" (address code 01). A sample printout and analysis of the 

program follow. 

~~!0HtC 

i ~ f j"', t ::::; ..... ~l 3 !~1 ::< ; 
I: Do. t 0. ~: i:;' .::~ i :;:. t =::' r 
L i :~. tin '=j :1 , ..... ; 1,Ij (t 

F::.;:-.:;:;. ~~~~~ c: CI n t E· n 
1:. ::::. ~~~~" , ..... ; i .• J t" t 

Data 

Reg. Contents Req. 

rO O.OOOOOOOOE 00 r10 
r1 O.OOOOOOOOE 00 rll 
r2 O.OOOOOOOOE 00 r12 
r3 3.33333333E 00 r13 
r4 2.50000000E 00 r14 

r5 2.00000000E 00 r15 
r6 1. 66666667E 00 r16 
r7 1.42857143E 00 r17 
r8 1. 25000000E 00 r18 
r9 1. llllllllE 00 r19 

Here is a brief analysis of the program: 

4: i,IJ t" t 6, 
r I: , A, r fi, II 

... II 1-, ON:' I: 
, C)' r r:s , 

r II, C, rC 
5: i1+1..:rl~;B+IN:rE:; 

C+ 1·-:.-[; ::.::+ 1·-::-::-:; 
6: if ::<:-.::5;~~i-t::·::; 

i.:.i(t 701 
'(: if A<::::9;.jf:'iF')-

:~; 

:::: fi"'lt ~i."";i.'.i(t 
? ~::'11 

'3; E"nd 

Register Listing 

Contents Reg. Contents 

3.44827586E-01 r20 5.00000000E-01 
5.00000000E-01 r21 4.76190476E-01 
8.33333333E-01 r22 4.54545455E-01 
7.69230769E-01 r23 4.34782609E-01 
7.14285714E-01 r24 4.16666667E-01 

6.66666667E-01 r25 4.00000000E-01 
6.25000000E-01 r26 3.84615385E-01 
5.88235294E-01 r27 3.70370370E-01 
5.55555556E-01 r28 3.57142857E-01 
5.26315789E-01 r29 3.44827586E-01 

• Line 1 - Causes the printer to advance paper five lines and print the program title. 

Notice that the title is centered on the paper by sending a block of spaces before the 

title. 

• Line 2 - Causes the column headings to be printed. Here, spacing is achieved by 

including spaces (~M within the text format specs. 
I 
, 

J 
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• Lines 3 and 4 - Specify the form of each table entry and which numbers (variables) are 

printed in each line of the table. The magnitude of each width (w) parameter in the 

format statement (line 3) was selected to position the corresponding table column 

under the appropriate heading. 

• Line 5 - Increments program counters. 

• Line 6 - Causes the printer to space one line after each five lines printed. 

• Line 7 - Determines the maximum number of table entries. 

• Line 8 - Causes the printer to space five lines. 

As another example, the HP 3490A Multimeter can be connected via the bus and controlled by 

using strings of ASCII characters. Here is a list of control characters: 

HP 3490A Control Characters 

Char. Function Char. 

R Range Program Identifier T 
1 10,000 k!l; Test 7 0 
2 1,000 k!l; 1000 V; Test 6 1 
3 100 k!l; 100 V; Test 5 2 
4 10 k!l; 10 V; Test 4 3 

5 1 k!l; 1 V; Test 3 M 
6 .1 k!l; 1 V; Test 2 0 
7 Autorange; Test 1 

F Function Program Identifier 2 
0 DC Volts 3 
1 K Ohms 4 
2 AC Volts 5 
3 Test 6 

S Sample/Hold Program Identifier 
7 

0 Sample/Hold Off E 
1 Sample/Hold Off 
2 Track/Hold 
3 Acquire/Hold 

The line on the right shows one method of set­

ting 3490A range, function, etc., and then in­

itiating a data sample. A read statement could 

be used to input the resulting data. 

Function 

Trigger Source Program Identifier 
Internal Sample Rate 
Immediate Internal 
Next External Trigger 
None 

Mode of Operation Program Identifier 
Addressed Multi with No Output 
Addressed Multi with Output 

Addressed Single with No Output 
Addressed Single with Output 
Interrupt Multi with No Output 
Interrupt Multi with Output 
Interrupt Single with No Output 
Interrupt Single with Output 

Execute Mode of Operation Program 

DC Volts Function 

1 
10VRange 

I -- -
T 11"=1:3 II 

I 
Internal Trigger 

Output Mode 

... 

• 

• 

• 



r 

, 

r 
, 

t 

I .,. 
\ 

! 

J 

• 

Here is a line which sets an HP 3330A Synth­

esizer to an output frequency of 100.0 Hz. Its 

listen address is "$" (decimal code 04). 

Sometimes it may be necessary to program a 

device using a variable stored in the cal­

culator. Perhaps the variable contains the de­

sired output frequency or amplitude for a sig­

nal source. This example outputs the same 

characters as line 1 above. The data spec f ,i 

suppresses leading spaces, which the 3330A 

cannot accept. 

Data Input 

HP-IB 41 

Frequency 

J Value 
-( 

1: i.,,1 t"i:- ?[14," L.1 [1[1 
1-1 - II 

,LSI 
Hertz 

.-, . c.. II f 1"'1 i:- II L II , f . 1 , 
--

.-, II .=, II 1.,.1 t" i:- 7~] 4, A A = 100.0 

For most applications, read statements and the free-field format are used to input data via the 

HP-IB. Many devices output leading non-numeric characters in data messages; format state­

ments must be referenced to read those characters. Chapter 2 describes the data and edit 

specs usable with format statements. 

Examples best illustrate the technique for receiving data via the bus. For example, the HP 

3490A Multimeter may send a data message of this form when programmed for DC volts and 

the 10V range (a indicates a space): 

NaDC+083462E-4 @0 

By using the sequence on the right, the cal­

culator skips the four leading non-numeric 

characters and reads the numeric portion of 

the string . 

If the String ROM is in use, either of these 

sequences will input the same number shown 

above. The first sequence has the advantage 

of retaining all characters in the input string; in 

either case the leading characters can be 

checked later in the program. See the String 

Variables Programming Manual for more in­

formation. 

~;; fft'ii:. 4;:..:,f 
I:::,;; t .. e (:! ? ~ .. ~~ 2 ,; ::~; , 1=-1 

7: d i 1"'1 A$ [2~]] 
:::: ff"lt clt. 
'3: t"e'd 722, A$ 
1 ~~1: 1.)0.1 (A$ [5] ) ,,*A 

7 : d i 1"'1 A$ [4] 
::: : f f"lt c4, f 
9 : t" E' d A $, A 
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The :, data spec can be used to input non­

numeric characters. For example, suppose 

that this sequence is used to read the 3490A 

data string shown on page 41. Afterwards, var­

iables A through E will contain. 

0: ff"lt 4b,f 
1: rE'd 722,A,E:, 
C,D,E 

A = 78 (N) 
B = 32 (~) 
C = 68 (0) 
o = 67 (C) 
E = 8.3462 

Now consider this more-complex data message transmitted from an HP 3570A Network 

Analyzer: 

-1/l34.48,-1/l88.93@0 

This sequence can be used to input and print 

the readings. The 3570A talker address is "A" 

(indicated by decimal code 01). 

Here is a printout. 

As a final example, here is a program which 

inputs, stores, and computes the average of 50 

data samples taken using a 3490A Multimeter. 

6: ff'lt ;f::-::d 2 
7: t"E·d 701,A,P 
:::: prt IIA"'If-'litIJd 

E' = II , A, II P h o. ::. E' = II , 

p 

Af"IP 1 i tI.H:lE·=-34. 4::: 
PhtJ.::.E'= -:::::: c 9:3 

;? 0::1 ;: 1~::! ":!. !:::!;~ 1. -;:. I .,;:- r'4 
1.: i,l) r t '? ;;::: ;~~, :1 F 0 !~~~ 6 

• Line 0 - Sets up a 50-element string array and initializes three variables. 

• Line 1 - Programs 3490A remote controls and instructs it to take a data sample. 

• Line 2 - Inputs the data sample into a string array element. 

• Line 3 - Instructs the 3490A to take another data sample. 

• Line 4 - Exits the data input loop when 50 samples are stored. 

• Lines 5 - 7 - Compute and print an average value from the data. 

• 

• 

• 
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I nterface Status Bits 
As described in Chapter 3, the read status function is used to return status information from a 

specified interface card. These 98034A Interface status bits can be read using the General I/O 

ROM: 

7 6 5 4 3 2 o 

Service 
System Serial 

Controller Talker Listener Controlier 1 Poll EOI 
Request Active Active Active Set Set 

• Bit 0: Is 1 when the EOI (end of data) line has been set true. The bit is cleared via an rds 

function. 

• Bit 1: Is 1 when the Serial Poll function is set.1 

• Bit 2: Is always 1. 

• Bit 3: Is 1 when the System Controller switch is enabled on the 98034A Interface Card. 

• Bit 4: Is 1 when the calculator is an active listener . 

• Bit 5: Is 1 when the calculator is the active talker. 

• Bit 6: Is 1 when the calculator is an active controller. 

• Bit 7: Is 1 when an instrument nas sent a Require Service message.' 

98034A Interface Status Bits 

These interface status bits should not be confused with the bus messages Status Byte and 

Status Bit1, which transfers status information on the bus. For examples using the read status 

function, refer to Chapter 3. 

Although the calculator is normally the System Controller in an HP-IB system, the function can 

be disabled via a switch on the 98034A Interface Card. Bit 3 of the interface status byte is 

logical 1 when the function is set and 0 when the function is disabled. 

When the calculator is not the System Controller, it must be addressed (from the System 

Controller) to talk, listen, or take active control; the bus message Pass Control is used to 

transfer control between devices. When the calculator is not in active control, it must monitor 

interface status bits 4 through 7 to determine when it has been addressed to talk, listen, or 

take active control. 

'These functions and messages are enabled by using an Extended 1/0 ROM. See the Extended 1/0 Programming Manual for details. 
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When the read status function indicates that the calculator has been addressed to talk (bit 5 is 

logical 1), it can branch to an appropriate write-type operation to send a Data (output) mes­

sage. When the calculator is addressed to listen (bit 4 is logical 1), it can execute an approp­

riate read-type operation to accept a Data (input) message. After executing each I/O opera­

tion, the calculator should then return to monitor interface status until it's addressed to talk or 

listen again. 

When the calculator is addressed to talk or listen, the write or read operation must specify 

device address code 31 (e.g., "..... ".'."" ... or ..•• ' •••. , !. " ... ). If any other address code is 

specified when the calculator is not in active control of the bus, an error message will indicate 

that the calculator cannot address the bus when it is not the active controller. 

When the calculator is addressed to take active control (bit 6 is logical 1), it can perform any 

appropriate bus operations until the System Controller sends the Abort message. When the 

Extended I/O ROM is installed, the calculator can pass control back to the System Controller 

or to another appropriate device by using the pass control (: " ..••. ) statement. 

A more complete discussion of calculator operation when it is not the active controller is in the 

Extended I/O Programming Manual. • 

• 
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Appendix 

Binary Coding and Conversions 
Binary is a base 2 number system using only 1 s and Os. By giving the 1 s and Os positional 

value, any decimal number can be represented. For example, this diagram shows how deci­

mal 41 = binary 101001 : 

Decimal Binary 

10 1 10° 25 24 23 22 21 2° 
~ ~ ~ ~ ~ ~ ~ ~ 
10 32 16 8 4 2 1 

4 0 0 0 

Binary-Decimal Conversions 

To convert from binary to decimal, the positional values for the 1 s are added up. From the 

above example this would be: 

25 + 23 + 20 = 32 + 8 + 1 = 41 

To convert from decimal to binary, the decimal number is repeatedly divided by 2. The 

remainder is the binary equivalent. For example: 

Remainder 
(read up) 

2141 -+ 1 
2120 -+ 0 
2rTO -+ 0 
2[5 -+ 1 
2[2 -+ 0 
2rT -+ 

ASCII 

Binary is often used as a code to represent not only numbers, but also alphanumeric charac­

ters such as "A" or "," or "7" or "x" or "2". One of the most common binary codes used is 

ASCII. ASCII is an eight-bit code, containing seven data bits and one parity bit. The General 

I/O ROM uses ASCII for most I/O operations. No parity bit is used. For example: 

ASCII ASCII 
Character Binary Code Decimal Code 

A 01000001 65 
B 01000010 66 
? 00111111 63 

A complete list of ASCII characters and their equivalent binary and decimal representations is 

on page 48. 

45 
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Binary Coded Decimal 

Another often-used code for representing numeric values is Binary Coded Decimal (BCD). 

BCD is a four-bit binary code; each four bits represents a decimal digit from 0 through 9. 

For example, to convert the BCD 12-bit word 010000110110 to decimal: 

BCD representation 

Decimal Value 

0100 

t 
4 

0011 

t 
3 

0110 

t 
6 

The decimal equivalent number is found by breaking up the word into 4-bit bytes (starting from 

the right) and converting the bytes into decimal. 

Octal-Binary Conversions 

Octal is a base 8 number system. Octal numbers are often used since conversion from binary 

to octal and vice-versa is easy by using electronic circuits. 

To convert from binary to octal, the octal number is broken up into groups of three bits 

(starting from the right). The groupings of 3 bits represent an octal number. 

For example, to convert binary 10110100011001 to octal: 

Binary Number 

Octal Number 

10 

t 
2 

110 

t 
6 

100 

t 
4 

011 

t 
3 

Notice that only values from 0 through 7 are used in octal. 

To convert from octal to binary, the process is reversed: 

Octal Number 

Binary Number 
t 

001 

4 

t 
100 

o 
t 

000 

7 

t 
111 

001 

t 

2 

t 
010 

6 

t 
110 

• 

• 
1 



Appendix 47 

Select Codes 
The recommended select-code assignments for a 9825A Calculator system are listed below. 

The HP calculator peripherals and interfaces listed are preset at the factory to the indicated 

select code. 

Select Code 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 through 15 

16 

Factory Set Select Codes 

Assignment 

Calculator Keyboard and Display 

Calculator Tape Drive 

Paper Tape Punch 

Paper Tape Reader 

Digitizer 

Plotter 

Printer 

HP Interface Bus 

Mass Memory 

Unassigned 

Calculator Printer 

HP Peripheral Device 

9884A*,98032A Interface 

9883A*,9863A*,98033A Interface 

9864A* 

9862A* 

9866B* ,9871 A* 

98034A Interface 

9885A* 

Special or Duplicate Peripherals 

"These peripherals should be ordered with Option 025. 
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ASCII 
Char. 

EQUIVALENT FORMS 
Binary Octal Dec 

NUll 00000000 000 o 

SOH 00000001 001 

STX 00000010 002 2 

ETX 00000011 003 3 

EOT 00000100 004 4 

ENO 00000101 005 

ACK 00000110 006 6 

BELL 00000111 007 7 

BS 00001000 010 8 

HT 00001001 011 9 

IF 00001010 012 10 

VTAB 00001011 013 11 

FF 00001100 014 12 

CR 00001101 015 13 

SO 00001110 016 14 

SI 00001111 017 15 

OLE 00010000 020 16 

DC, 00010001 021 17 

DC, 00010010 022 18 

DC, 00010011 023 19 

DC. 00010100 024 20 

NAK 00010101 025 21 

SYNC 00010110 026 22 

ETB 00010111 027 23 

CAN 00011000 030 24 

EM 00011001 031 25 

SUB 00011010 032 26 

ESC 00011011 033 27 

FS 00011100 034 28 

GS 00011101 035 29 

RS 00011110 036 30 

US 00011111 037 31 

ASCII Character Codes 

ASCII 
Char. 

EQUIVALENT FORMS 

Binary Oc1al Dec 

space 00100000 040 32 

00100001 041 33 

00100010 042 34 

# 00100011 043 35 

$ 00100100 044 36 

% 00100101 045 37 

& 00100110 046 38 

00100111 047 39 

00101000 050 40 

00101001 051 41 

00101010 052 42 

+ 00101011 053 43 

00101100 054 44 

00101101 055 45 

00101110 056 46 

00101111 057 47 

00110000 060 48 

00110001 061 49 

2 00110010 062 50 

3 00110011 053 51 

4 00110100 064 52 

00110101 065 53 

6 00110110 066 54 

7 00110111 067 55 

8 00111000 070 56 

00111001 071 57 

00111010 072 56 

00111011 073 59 

00111100 074 60 

00111101 075 61 

00111110 076 62 

? 00111111 077 63 

ASCII 
Char. 

@ 

A 

B 

C 

o 

E 

F 

G 

H 

J 

K 

M 

N 

o 

p 

o 

R 

s 

T 

u. 

v 

w 

x 

Y 

z 

EQUIVALENT FORMS 
Binary Oclal Dec 

01000000 100 64 

01000001 101 65 

01000010 102 66 

01000011 103 67 

01000100 104 68 

01000101 105 69 

01000110 106 70 

01000111 107 71 

01001000 110 72 

01001001 111 73 

01001010 112 74 

01001011 113' 75 

01001100 114 76 

01001101 115 77 

01001110 116 78 

01001111 117 79 

01010000 120 80 

01010001 121 81 

01010010 122 82 

01010011 123 63 

01010100 124 84 

01010101 125 85 

01010110 126 86 

01010111 127 87 

01011000 130 88 

01011001 131 89 

01011010 132 90 

01011011 133 91 

01011100 134 92 

01011101 135 93 

01011110 136 94 

01011111 137 95 

ASCII 
Char. 

b 

d 

9 

h 

m 

n 

o 

p 

q 

w 

EQUIVALENT FORMS 

Binary Octal Dec 

01100000 140 96 

01100001 141 97 

01100010 142 98 

01100011 143 99 

01100100 144 100 

01100101 145 101 

01100110 146 102 

01100111 147 103 

01101000 150 104 

01101001 151 105 

01101010 152 106 

01101011 153 107 

01101100 154 108 

01101101 155 109 

01101110 156 110 

01101111 157 111 

01110000 160 112 

01110001 161 113 

01110010 162 114 

01110011 163 115 

01110100 164 116 

01110101 165 117 

01110110 166 118 

Q1110111 167 119 

01111000 170 120 

01111001 171 121 

01111010 172 122 

01111011 173 123 

01111100 174 124 

01111101 175 125 

01111110 176 126 

DEL 01111111 177 127 

e' 

• 

• 
t 



Appendix 49 

Decimal Key Codes 

CODE CODE CODE 
KEY UNSHIFT SHIFT KEY UNSHIFT SHIFT KEY UNSHIFT SHIFT 

0 97 225 CD 48 176 ~ 75 203 

0 98 226 W 123 251 CEJ 76 204 

0 99 227 8 78 206 B 19 147 

0 100 228 (2) 79 207 8 2 130 

0 101 229 0 80 208 8 24 152 

(0 102 230 (2) 81 209 0 16 144 

0 103 231 8 82 210 0 17 145 

0 104 232 8 83 211 8 9 137 

8 105 233 8 84 212 EJ 8 136 

8 106 234 8 85 213 8 11 139 

0 107 235 8 86 214 8 28 156 

8 108 236 

ffi 
87 215 8 29 157 

0 109 237 88 216 B 31 159 

• 0 110 238 0 89 217 B 30 158 

0 111 239 0 61 189 8 27 155 

0 112 240 8 125 253 GJ 14 142 

0 113 241 8 18 146 GJ 15 143 

0 114 242 @ 96 224 EJ 20 148 .... 

8 115 243 CD 40 168 8 21 149 

8 116 244 0 41 169 8 23 151 

8 117 245 0 47 175 8 22 150 

8 118 246 8 42 170 G 12 140 

0 119 247 0 45 173 B 13 141 

0 120 248 8 43 171 8 1 129 

8 121 249 8 7 135 8 25 153 

0 122 250 m 65 193 m 10 138 

CD 49 177 m 66 194 0 59 187 
G) 50 178 m 67 195 

CD 94 222 
CD 51 179 W 68 196 0 44 172 
CD 52 180 CE) 69 197 

U 46 174 
CD 53 181 W 70 198 

CD 63 191 •• CD 54 182 m 71 199 

CD 55 183 m 72 200 Eace~ 32 160 

CD 56 184 m 73 201 

CD 57 185 m 74 202 
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HEWLETT lIJ PACKARD 

• 1 SALES & SERVICE OFFICES Hewlett·Packard South Africa 

p O~o~ T~~ 
Howard Place, Cape Province, 7450 
Pine Park Centre. Forest Drive, 
Plnelanda, Cape Province, 7405 
Tel 53-7955 thu 9 
Telex. 57-0006 

SRI LANKA 
Metropolitan Agencies ltd. 
20919 Union Place 
Colombo 2 

NIGERIA 
Tel: 35947 

~~gl.eI B~~~~rrino Telex: 1377METROLTD CE 
ANGOLA ETHIOPIA 

The Electronics (:able: METROlTD 
Telectra Abdella AbdulmaJik &fue Star ltd. Lot 259, Satak Road Instrumentations ltd. 

Emf~~~a~e~~C: de ~~I~J3w·raw.k 
N6Bfl70 Dyo Road SUDAN 

P.O. Bo,2635 Blue Star House Yokogawa·Hewiett-Packard ltd. Oluseon House Radisan Trade 
EltlctflCOS, S.A.R.L Addlo Abobo 11 t11A Magarath Road Nakama Building Cable: PROTElENG P.M.B.5402 P.O. Box 921 

~al!ar~g:I~~~~ues, 42-I"OT." 
Tel: 11 93 40 f:~fs'J;" 560 025 24 Kam; Sasajima-cho lbo_ Khllrtoum 
GUAM Nakamura-ku, HeslOP, 450 MOZAMBIQUE Tel· 461577 Tel: 44048 

Luanda Medical Only 
Telex: 043-430 Tel: 052 571-5171 A.N. Goncalves, ltd. Telex: 31231 TEll NG Telex: 375 

Tel: 35515/6 Guam Medical S~y, Inc. 
Cab": BlUESTAR 

Yokogawa-Hewlett-Packard ltd. 162, 1° Apt. 14 Av. O. luis Cable: THETIEllbadan 
Cable TElECTRA luanda Blue Star ltd. 

~~~~~~TaS~r~~i_n3.o 
Cain Postal 107 The Electronics Instrumenta-

TAIWAN 
~~8~ ioxA8T:~ 1I Meeakshl Mandiram Maputo Mns ltd. Hewlen-Packard Far Easl ltd. 

AUSTRALIA 
r:~~6~1;S911 

xxx/1678 Mahatma Gandhi Rd. Kanagawa-ku Tel: 27091,27114 144 Agege Motor Road. Mushin 
Taiwan Branch 

Hewlett-Packard Australia Cachln 682 016 Yokohama. 221 Telex: 6-203 NEGON Mo P.O. Bo,6645 ~~~~~l ~~~a~I:~st Road Ply ltd Gable: EARMED Guam T,I: 32069.32161.32282 Tel: 045-312-1252 Cable: NEGON 
~~::·THETElllagos 31-41 Joseph Street ToIex: 0885-514 Telex: 382-3204 YHP YOK 

Tolpol 
Blackburn, Victoria 3130 HONG KQNG cable: BlUESTAR NEW GUINEA Tel: 3819160-9,3141010 
P.O. Box 36 Sdlmidt & Co. ttong Kong) ltd. Blue Star ltd. ~~::Y:i~~r~:~;aCkard ltd. 

Hewlett-Packard Australia PAKISTAN Cable: HEWPACK TAIPEI 
Donca ..... Eaat. Victoria 3109 Wing On C,ntr,. 28t11 FIoOf 1-1-117/1 :t. lld . Mushko & Company ltd. Hewlen-Packard Far East ltd. 
Tel 896351 Connaught RUId. C. Saro~ni Devi Road 

105, l-chome, San-no-maru Deve 0/ment Bank Building Dosman Chambers Taiwan Branch 
c( Telex: 31-024 ~:~~~ Socu-._d 500 003 ~:OO2~!~t7~~~ Groun Floor Abdullah Haroon Road 68-2, Chung Cheng 3rd. Road 

Cable. HEWPARD Melbourne Tel: 70126. 70127 
Ward Strip K.rachl-3 ~~C:;~~318-KaOhSiUng ::::i Hewlett-Packard Australia Tel .. : 74766 SCHMC HX Telex: 015-459 Yokogawa-HewietI-Padcard ltd. Port Moreaby'. Paupua Tel: 511027. 512927 

Ply ltd. Cable: BLUEFROST Inoue BuildinQ Tel: 258933 Telex: 2894 Analytical Only c( INDIA Cable: COOPERATOR Karachi 31 Bndge Street Blut Star ltd. Blue Star ltd. 
1348-3. Asahl-cho. 1-chome NEW ZEALAND San Kwang Instruments Co., ltd. 

a: Pymbte Kasturi Buildings 2.G4 Kodambakkam High Road ~~~OJ~2~:;_~a52a 243 Hewlett-Packard V<lL) ltd. Mushko & Company, ltd. 20 Yung Sui Road 
New South Wales. 2073 Jamshedji Tata. Rd Mod ... 600 034 4-12 Cruickshank Street 38B. SatelWte Town T.lpet 

t- Tel. 4496566 
~,r:'~~02O T,I: 82056 Yokogawa-Hewleft-Packard ltd. Kilbimie, Wellington 3 f:~''rJ~dI Tel: 3615446-9 ~ lines) 

en Telex· 21561 
Telex: 041-379 Kumagaya Asahi P.O. Bo, 9443 Telex: 22894 SANKWANG 

Cable·. HEWPARO Sydney Tel,,: 011-2158 cab~: BLUESTAR Hachiluni Building Courtney Place Cable: FEMUS Rawalpindi Cable: SANKWANG Taipei 
:::l Hewlett-Packard Australia cab": BlUEFROST 4th Aoor :~:~~ PHIUPPINES TANZANIA 

153're~~hill Road 
INDONESIA 3-4, Tsukuba « Blue Stir lid. BEReA Indonesia P.T. ~e~:=~~~ama 360 

Cable: HEWPACK Wellington The Online Advanced ~r:;:ig;~r Aeradio IE.A.), ltd. Slhas Systems Corporation Park.lde. SA, 5063 41412 Vir 5avarklr Mara P.O. Bo, 496~kt. Hewlett-Packard V<lL) lid. 
Tel: 2725911 Jln.Abdul Mull 62 Rico House P.O. Box 861 

c( Pribhadevi KENVA Pakuranga ProfesSional Centre Amorsolo cor. Herrera SIr. Dar .. Salam Telex. 82536 J8k8118 267 Pakul1nga Highway 
Cable: HEWPARD Adelaide r.r:~~~025 T,I: 349255. 349886 Advanced Communications ltd. ~'~SG~:i~~ro' Makati 

Tel: 21251 Ext. 265 

C;; P.O. Box 30070 Box 51092 Telex: 41030 
Hewlen-Packard Austrana Telex: 011-4093 Telex: 46748 BERSlllA 

Nairobi ~:t'5sH~ Metro "'nll. 
c( 14~t~:~ng Highway 

Cabl,: FROSTBlUE Cable: BERSAl 
Tel: 331955 Tel: 85-35-l11. 85-34-91.85-32-21 THAILAND 

Blue Star lid. BERCA Indonesia P.T. Telex: 22639 Cable: HEWPACK Auckland Tel .. : 3274 ONLINE UNIMESA Co. lid. 
Nec:U.nd •• W.A. 6009 Band Box HOUH P.O. Box 174/Sby. 

~~;~~gnn: AtradiotE.A. __ td. 
AnalytitallModical Only Elcom Research Building 

c( Tel: 3865455 Prabhadevi 23 ..Mn. Jimerto Me~cal Su~plios N.Z. ltd. RHODESIA 2538 Sukumvit Ave. 
Telex: 93859 

~,r":'f3 ~~ 025 ~e~~=l' Scientific DIVision Field Technical Sales ~e~~~'2~7~~~ 0 Cable: HEWPARD Perth P.O. Box 19012 
79 Cartton Gore Road. Newmarket 45 Kelvin Road North 

Cable: BErcacon Nairobi Airport P.O. Bo, 1234 P.O. Bo, 3458 Cable: UNIMESA Bangkok Hewlen-Packard Australia Telox:011-3751 N.lrotH 
Auck"nd ~~1:s'2'l1 (5 ines) a: i'W ltd. Cab~: BlUESTAR ISRAEL TeI'.336055!56 UGANDA 

121 ollongong Street Blue Star ltd. Electronics Engineering Div. Tel .. : 22201t.!2301 T,I: 75-289 
~::~~~~r Aeradio(E.A.), ltd LL Fyehwlck. A. ,T. 2609 Bhavdnp of Motorola Israel ltd. Cable: INTAERIO Nairobi cable: DENTAl Auckllnd Tel .. : RH 4122 

« Tel: 804244 Stadium ROld 16, Kremenetski Street 
~~;:i~nn: Aeradio J.A.) lid. 

AnalyticallModical Only SINGAPORE P.O. Bo,25n • Telele: 62650 Ah_bod 380 014 P.O.Box 25016 Medical Supplies N.I. ltd. Hewtett-Paciard Sinoapore K.mpa" 
Cable: HEWPARD Canberra Tel: 42880 T.I-Avlv P.O. Box 95221 Norrie and Parumoana Streets 

11~~J~fAOad Tel: 54388 
Hewlett Packard Australia Tlllllx:234 Tel. 38973 Mamba .. Porlrua Cable: INTAERIO Kampala 

5th'11o;td. cable: BlUEFROST Telex: 33569. 34164 Tel: 75-j)98 Alexandra P.O. Box 58 
ZAMBIA Cable: BASTEl Tel-Aviv KOREA Telex: 3858 

~~.,=~ Teachers Union Building 
Blue Star ltd. 

JAPAN Samsung ElectroniCS Co., ltd. AnalyticallModical Only ~ .. ~ .. ~~~u?7~ambla) ltd. 7 Hire Street 
495-499 Boundary Street P.O. Bo,506 Yokooawa-Hewlett-Padcard ltd. 15th Floor. Oaeyongak Bldg. , ~.~~r::,:~~ies N.I. lid. 

ToIex: HPSG RS 21466 

~~.'T2'1~~ Queensland 4000 
25-5.1-KA cable: HEWPACK, Singapore LU •• a 

Coleulto 700 001 Chuo Bldg .• 4th.Aoor Tel: 73793 
Tel: 23-0131 ~~~;:!~~,kadl~:a~:ome 

Choong Moo-Ro, Chung-Ku, 239 Stanmore Road SOUTH AFRICA Cable: ARJAYTEE, lusaka Cable: HEWPARD Brisbane Seoul Chrl.tchurch Telex: 021-7655 Tel: (23)6611. n8-3401t.!/3/4 T,I: 892-019 Hewlett-Packard South Africa 
BANGLADESH cable: BlUESTAR O .. k.,532 

Pri~· ka lt~endYWood, OTHER AREAS NOT LISTED, 
The General Electric Co. Blue Star ltd. T,I: 06-304-6021 Telex: 2257S Cable: DENTAL Christchurch CONTACT, 

of Bangladesh ltd Bhandari House Telex: 523-3624 MALAYSIA ~n:~tu'pe:::IN~~~ ltd. 
Sandton, fransvaal, 2144 Hewlett-Packard Intercontinental 

Magnet House 72 7th & 8th Floor Yokogawa-HewleH-Packard ltd. Hewlen-Packard Sales SON BHO Hewlett-Packard Centre 3200 Hillview Ave. 
Dllkusha Commercial Area 91 Nehru Place 29-21, Takaido-Higashi 3-chome SUite 2.21/2.22 303 Great King Street Daphne Street, Wtndywood, Palo Alto, California 94304 

rer~~~~'5~~~~4~9 
_ DoIhlll0 024 Suginami-ku, Tokyo 168 Bangunan Angkasa Raya P.O. Box 233 Sandlon, 2144 t~lJ~m~:1rsi T,I: 634nO & 635166 Tel: 03-331-l1111 Jalan Ampang Dunedin Tel: 802-104006 

Telex· 734 Telex: 031-2C63 ~~I~:: ~2p~~~K~~PT6~~ 724 fe~:·~3~6Q'r.r;1 Tel: 88·817 Tel .. : 8-4782 Cable: HEWPACK Palo Alto 
Cable: GECOAC Dacca cable: BlUESTAR Cable: DENTAL Dunedin Cable: HEWPACK JOhannesburg Telex: 034-8300, 034-8C93 

ONTARIO 
Hewlen-Packard (Canada) ltd. 
1020 Morrison Dr. 
Ott ••• K2H 8K7 

c( ALBERTA ~~m-~fs~ Hewlett-Packard ~anada) ltd. 
0 11620A - 168th Street Hewlett-PaCkard J;inad&) ltd 

c( Edmonton T5M 3T9 6877 Goreway Drive 
Tel. ~03) 452-3670 "I"I."U~ l4V 1M8 QUEBEC 

Z TWX: 610-831-2431 BRmSH COLUMBIA MANfTOBA NOVA SCOTIA ~~m!9~~!~ Hewlett-Packard ~anada) ltd. FOR CANADIAN AREAS 

c( ~f~l~r2~a~i~h:r ft~~rlltd. Hewlett·Packard ~anldl) ltd. Hewlett-Packard ~anada) ltd. Hewlett-Packard ~anada) ltd. 275 Hymus Blvd. NOTUSTEO, 

~~~t,!':~bO#Je2:~Y 380-550 C4ntu~ SI. 800 Windmill Road Hewfen·Packard (Canada) ltd. PoIn" C ...... H9R 1G7 Contact Hewlett-Packard (Canada) 

0 fe~I~~)Tlt3_~~~3 Wlnnlg:;q, R3 OV1 D.rtmouth B3B III 552 Newbold Sir, .. Tel: (514) 697-4232 ltd. in Mlssissauga. 

~~~~~g:~~~ Tel: (902)469-7820 London N6E 2S5 TWX: 610-422-3022 
Twx: 610-821-6141 ~(261J-lI~1~g1 TWX ~0-271-4482 Tel: (519)666-9181 TLX: 05-l121-521 HPel 

c( MEXICO 
PERU 

0 Hewlett-Packard Mexicana, 
t~~~~~~:,rf4~*iica S.A. ARGENTINA SA de C.V. 

Hewlen-Packard Argentina Av. Penf_rico Sur No. 6501 a: S.A ECUADOR Tepepan, Xochimilco San Isidro Casilla 1030 

W A.v. leandrIJ N. Alem 822 - 1~ ~~~~d~jgg!a3J l~u~~~~ Mexico 23, D.F. Lima 1 
1001 Buenos Air .. Tel: 905-l176-4600 T~: 41-4325 

:::E Tel: 31-6063,4,5,6 P.O. Box 6423 CCI Telex: 017-74-507 Tel .. : Pub. Booth 25424 SISIORO 
Telex: 122443 AR CIGY Eloy Alfaro No. 1824,3"Piso Hewlen-Packard Mexicana, 

Cable: ElMED Uma 

c( Cable: HEWPACKARG COLOMBIA Quito 
Instrumentacidn Tel: 453 482 S.A de C V SURINAME 

Biotron S.A.C.l.y M. Hhriett-Packard do Brasil Henrik A. langebaek & Kier S.A. Telex: 2548 CYEOE ED Ave. Constitucldn No. 218" Surtel Radio Holland N.V. VENEZUELA 

::E: Bolivar 177 l.e.C. ltda. Carrera 7 No. 48-75 Cable: CYEDE-Quito ~f~t;.r;~2~4~·-71-8C Grote Hofstr. 3-5 Hewlen-Packard de Venezuela 
1066 Bueno. Air •• 

;o~~~:J:1:S' !RS 
Apartado A_rea 6287 P.O. Box 155 CA 

t- Tel· 30-4846, 34-9356, 3"~460, Bog""'.t O.E Medical Only Telex: 038-410 Pa,.marlbo P.O. Box 50933 

:::l 33-2863 Tel: 1l51lJ.22-2;l. 22-5821 Hospitalar S.A. T~: 72118.77880 Caracas 105 Tel'. 269-8877 Casilla 3590 NtCARAGUA Gable: Sunel los RUlces None 

0 
Telex: 011-7595 Cable. H PACK Pol1o Alegre Telex: 44400 Robles 625 Roberto Ter~n G. ]a Transversal Cable: Biotron Baries Hewlett-Packard do Bruil cable: AARIS Bogotg Quito Apartado Postal 689 TRINIDAD. TOBAGO Edlflclo Segre en BOLIVIA l.e.C. ltda. Instrumentacion Tel: 545-250 Edificlo Ter~n CARTel C.r.CII.107 easa Kavlin S.A. 
Calle Potosi' 1130 

Av. Epitacio Pessoa, C6&4 ~a~e~aa~~e~~~ C:-~~r1 S.A. Cable: HOSPITALAR-Quito ... negu. Caribbean Telecoms ltd . Tel 239-4133 (20 lines) 

0 P.O. Box 500 ~=-RIO de J.nelro-RJ 
Tel: 25114.23412.23454.22400 PO. Bo,732 Telex· 25146 HEWPACK 

Apartado 54098 EL SALVADOR Cable: ROTERAN Managua 69 Frederick Street Cable: HEWPACK Caracas 

Z laP" Tel: Medellin IPESA r:~6r5='n • Tel 41530.53221 Telex: 021-21905 HPBR-BR Tel: 304475 Bulevar de los Heroes 11-48 PANAMA 
c( Telex: CWC BX 5298,ITI 3560082 Cab~: HEWPACK San Salv.dor Electrdnico Balboa, S.A. FOR AREAS NOT LISTED, 

Cable: KAVUN Rio de Janeiro COSTA RICA Tel: 252787 Aparatado 4929 URUGUAY CONTACT, 

....J 
BRAZIL Cientiflca Costarricense S.A. Panama 5 PatHo Ferrando S.A.C.el Hewlen-Packard 
Hewlett-Packard do Brasil CHILE Avenida 2. Calle 5 GUATEMALA Calle Samuel lewis Avenlda ltalla 2877 Inter-Americas 

c( I.e C. ltda. ~~a~:i:n~a~~·~:~ 120C 
San Pedro de Montes de Dca IPESA Edlficio "AHa·', No.2 Gasilla de Correo 370 3200 Hdlvllw Ave 

Alameda Rio Negro. 750 Apartado 10159 Avenlda Reforma 3 ..... 8. Culdad de P.n.ma Montevideo P.,o Alto, California 94304 
a: ~';)I:aru"'l SP 

Casilla 16475 San JON Zona 9 Tel· 604-2700 Tel: 40-3102 T~ ~15)856-1501 

t- Correa 9. SantIago Tel: 24-38-20. 24-08-19 ~e~:·J=;r3~~786,66471-5.ext.9 Telex: 3483103 eurundu, Telex: 702 Public Booth Para TWX: 910-373-1260 
Tel: 429-3222 Tet: 34152 Tel,,: 2367 GAlGUR CR Canal Zone Pablo Ferrando Cable. HEWPACK Palo Alto 

Z Cable: HEWPACK Sao Paulo Telex: JCAlCAGNI cable: GAlGUR Telex: 4192 Teletro Gu Cable: ELECTRON Panama Cable: RADIUM Montevideo Telex· 034-8300, 034-8493 

W 2n9 

0 

1 



FINLAND Cable" HEWPACK5A Hamburg POlAND Hewlett-Packard Espal'lola, S.A. 
AUSTRIA Hewlett·Packard OY Telex: 21 63032 hphh d Biuro Intormacji Technicznej A'll Ramon y Caial, 1 Ank8111 
Hewlett-Packard Ges,m.b.H. Nahkahousunti 5 Hewlett-Packard GmbH Hewlett-Packard Edificio Sevilla, planta 9' Tel: 25 03 09 - 17 80 26 
Handelskal52 P.O. Box 6 TeChnisches 8uro Hannover UI Slawkl 2. 6P -Seville 5 Telex: 42576 OZEK TR 
PO. Box 7 SF-00211 Hel.lnkl21 Am Grossmarkt 6 00-950 W.rauw8 Tel: 64 44 54,58 Cable: OZYUREK ANKARA 
A-1205 Vienna Tel: (90)6923031 0-3000 Hannover 91 Tel: 33.25.88r.l9.67.43 ~~m~~~-~~I~d 7~SrnOIa S.A. UNITED ARAB EMIRATES Tel" 351621-27 FRANCE Tel: (0511)4660 01 Telex: 81 24 53 hepa pi Emitac Ltd. (Head Office) Cable" HEWPAK Vienna Hewlett-Packard France Telex: 092 3259 Hewlett-Packard Italiana S.p.A. UNIPAN E-Bllbao 1 P.O. Box 1641 Telex 75923 hewpak a Avenue des TropiQues Hewlett-Packard GmbH Via Turazza, 14 Biuro Obslugi Technicznej Tel: 23 83 06123 82 06 ~e~~3~~21/3 BAHRAIN Les Uhs Techmsches Buro Nurnberg 35100 Padova 01-447 Warszawa Hewlett-Packard Espanola S.A. 
MedicalDflly Boite Postale No 6 Neumeyerstrasse 90 Tel. (49)664888 ul Newelau 6 C..ftamon Gordillo 1 Telex: 8136 
Wael Pharmacy 91401 orur..cedex D-85OONurnberg Telex' 41612 HEWPACKI Poland (Entlo.) EmitacLtd. (Branch Office) 
PO. Box 648 +~l~48:25 Tel (0911)56 30 83 Hewlett-Packar~ Italiana S.p.A. 

za~:ry~~:::cza Sprzatu 
E-Valencla-l0 P.O. Box 2711 

Bahrain T alax. 0623 860 Via G. Armellim 10 Tel: 96-361.13.54/361.13.58 Ahu Dhabi 
Tel 54886. 56123 Hewlett-Packard France Hewlett-Packard GmbH 1-00143 Roma Plac Komuny Paryskiej 6 Tel: 331370/1 
Telex. 8550 WAEl GJ Chemin des Mouitles Technlsches Bl1ro Munchen Tel: (06)54 69 61 90-{)()7 Lddi SWEDEN 
Cable WAElPHARM B,P. 162 Eschanstrasse 5 Telex: 61514 Tel: 334-41, 337-83 Hewlett-Packard Svenge AB UNITED KINUDOM 

:r~r~~\y~n1radlng ~:113&8~3~"l1 25. 
0-8021 Taufklrchen Cable: HEWPACKIT Roma Telex: 886981 ~~~~~e:~~~~~ ~~Ck Hewlett-Packard ltd 
Tel: (089)6117-1 Hewlett·Packard lIaliana S.pA King Street Lane 

and Contracting TWX 310617f Hewlett-Packard GmbH Corso Giovanni Lanza 94 PORTUGAL Tel: ~8)730 05 50 Wlnner.h, Wokingham 
POBox 20074 Hewlett-Packard France Techmsches Bl1ro Berlin 1-10133 Torino Telectra·Empresa Tl!cnica de Telex: 10721 Berks. RGll SAR 
Manama Pericentre de la Cepiere Kaithstrasse 2-4 Tel :(011) 682245,.659308 EQuipamentos EI~ctricos S.a.r.t. Cable: MEASUREMENTS Tel: (0734)784774 
Tel 259978,259958 31081 Toulou .. Le Mlrall 0-1000 Berlin 30 MedicalICalculators Only ~~&. RB~~i~~~a Fonseca 103 Stockholm Telex:84717819 

Telex. 8895 KAlOIA GJ ~~~'~'~5j~ 12 
Tel. (030)2490 86 Hewlett-Packard ltaliana S.p.A. Hewlett·Packard Sverige AB Hewlett-Packard ltd. 

P-L1.bon 1 
~~~~ISr~~:a Fr61unda 

Trafalgar House 
BELGIUM 

Telex!)18 3405 hpbln d Via Principe Nicola 43 G..<: Tel: (19)66 60 72 
Hewlett-Packard France 1-95126 Catania Navigation Road 

t- Hewlett-Packard Benelux GREECE Cable: TElECTRA lisbon Tel: (031)4909 50 Altrlncham 
S A./N.V le Ugoures Kostas Karayannis Tel:(095)37 05 04 Telex: 12598 Telex: 10721 via Bromma office Cheshire WA14 lNU 
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54 Appendix 

General I/O Syntax 

Syntax Conventions 

Brackets [] - Items within brackets are optional. 

Dot Matrix - Items in ,! .... , ... :< must appear as shown. 

Expression - A constant (like 16.4), a variable (like X or B[8] or r3), or an expression (like 8N or 

6<A +B). 

Select code format - cc[dd[ee]][ ,f] 

cc device or interface select code. 

dd optional HP-IB address code (must be two digits). 

ee optional HP-IB extended address code (Extended I/O ROM only) 

"f format number, for read and write only. 

Text - A series of characters within quotation marks. 

Variable - A simple variable (like A or Q), an array variable (like E[5]), an r-variable (like r12), or 

a string name (like A$). 

... - Dots indicate that successive parameters are allowed. Be sure that a comma precedes 

each successive parameter. 

Conversion Statement 

Sets up a character conversion table for read and write statements. Ten pairs of ASCII­

decimal codes are allowed. See page 25. 

Format Statement 

.". !,!![format no. ,,][spec1[" spec2 ... ]] 

Lists data and edit specifications for read and write statements. All numeric parameters must 

be integer constants. See pages 10 thru 24. 

List Statement 

, <:.![!:iselect code] 

Output program listings to external devices. See page 25. 

i 
I 
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Read Statement 
.... ':: select code [ .. format no.] ., variable1[' variable2 ... ] 

Input data and string variables, using either free-field or format specs. See page 7. 

Read Binary Function 
.: i, ! select code! 

Input a single 16-bit character and return a decimal number in range: -32768 to 32767. See 

page 28. 

Read Status Function 
... : ..... ! select code :! 

Input one byte of status information and return a decimal equivalent code. See page 29. 

Write Statement 
! select code [ .. format no.][ .. expression or text1 [ ., expression or text2 ... ]] 

Output data using free-field or format specs. See page 5. 

Write Binary Statement 
.. !. : select code ., expression or texH' expression or text2 ... ] 

Output single 16-bit characters. See page 27. 

Write Control Statement 
... : '::: select code ., expression 

Output a single binary number to control functions or lines on an interface card. See page 33. 
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General I/O Error Messages 
Incorrect Format Numbers: 

• Format number in format statement not in range of O~n~9. 

• Referenced format number not executed. 

Referenced Format Statement has an error: 

• Incorrect format spec. 

• Numeric overflow in format statement. 

Incorrect I/O Parameters: 

• Parameter not a number or a string. 

• Negative parameter with f :::': numeric spec. 

• Numeric parameter with c· edit spec. 

• Binary parameter not in range of -32768~n~32767. 

• More than one parameter for read binary or read status function. 

• Missing or non-numeric parameter for write control statement. 

Incorrect Select Code: I 
I 

• Select code is non-numeric or greater than 4 digits. I 
• Select code is greater than 16 for read status. 1 

1 
• Select code is not in range from 0 through 16. 

• Select code 1 allowed only for read status. 

• HP-IB address code not in range from 0 through 31. 

• Read from select code 0 not allowed. 

Incorrect Read Parameter: 

• Constant in read list. 

• String not filled by read operation. 

• Numeric parameter references c format spec. • 
----



• 

Incorrect Parameter in Conversion Statement: 

• More than 20 parameters. 

• Odd number of parameters. 

• Non-numeric parameter. 

• Parameter not in range of 0:s;;n:s;;127. 

Unacceptable Input Data: 

• More than one decimal point or "E" read. 

• 511 characters read without a LF. 

• "E" with no leading digit. 

• More than 158 numeric characters read. 

Peripheral Device Down: 

• Incorrect status bits - device not ready or power is off. 

· 8 cancelled operation. 

Interface Hardware Problem: 

• Improper HP-IB operation. 

• Empty I/O slot. 

• Select code does not match interface card (e.g., !.'.! ;" . 

98032A is set to 7, or !.'.! (' C when 98034A is set to 6. 

• Write Control addressed to a 98034A HP-IB Card . 

." ". when a 
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