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1 
Installation 

Introduction 

The HP 98133A BCD Interface allows you to connect an HP 9815A Calculator to a wide variety 
of peripheral devices. The interface provides the calculator with 40 bit-parallel input lines and 
8 bit-parallel, character serial output lines. The interface transfers data in a "half-dupl~x" 
fashion; that is, it can input and output data, but not both at the same time. The interface 
provides buffer-storage for both input and output data and all lines are compatible with 
standard TIL levels. 

This manual describes the installation, operation and servicing of the BCD Interface. 

Technical Specifications 

5° C to 45° C Ambient. 

Provided by the calculator. 

The interface has overall length of approximately 4.6 meters (15 feet) and is equipped with an 
unterminated cable. Cable wire colors, "pin outs", and material list are in Section 3. 

Data is input by the interface via 40 input lines. These lines are divided into ten 4-bit digits. 
Each digit has four lines through which binary data is input. 

nes 

Eight output lines with open-collector SN 7406 TIL inverters are available. Data is output in 
negative-true logic and remains valid on the output lines after an output operation until it is 
modified by another output. 

Device Control (CTL 1 and CTL2) - Initiates an I/O operation when driven to logical 1 and 
terminates data transfer when it goes to logical 0 (Handshake Mode 1 and 2 only). The CTL 1 
line is used for input operations and the CTL2 line is used for output operations. The logic level 
used by the CTL lines is set by the HANDSHAKE Instruction (see Section 2). 

1 



2 Installation 

Device Ready (FLG1 and FLG2) - The peripheral device indicates "output data accepted" or 
"input data valid" by forcing the line to logical 1 (Handshake Mode 1 only). The FLG1 line is 
used for input operations and the FLG2 line is used for output operations. The logic level used 
by the FLG lines is set by the HANDSHAKE Instruction (see Section 2). 

I/O Status (I/O) - Indicates that the calculator has started an input operation (high) or an 
output operation (low). 

Data is input in the logic level specified by bit 4 of the data code. Data is output in negative­
true logic only. The logic levels used by the CTL and FLG lines can be either positive-true or 
negative-true TIL logic levels (see the "HANDSHAKE Instruction" in Section 2). Positive-true 
logic means that a logical 1~2.4 V = high and a logical 0:0;;0.7 V = low. Negative-true logic 
means that a logical 1 :0;;0.7 V = low and a logical 0~2.4 V = high. 

Plug-In Procedure 

Before an interface can be installed the calculator must be equipped with option 002, two 
channel I/O. This option provides the calculator with the interface connectors and internal I/O 
compatibility. 

The BCD Interface can be plugged into either I/O channel on the calculator back-panel. 
Before plugging in the interface, however, be sure that the calculator is switched off - if not, 
the calculator will not recognize I/O operations which are executed or programmed. After the 
interface is plugged in, switch the calculator back on. 

If "SELECT CODE ERR" is printed when the calculator is switched on, both interfaces in the 
calculator are set to the same select code. If this occurs, switch the calculator off immediately 
and change the select code on one of the interfaces. 

When the BCD interface is plugged in, it uses 16 steps of program memory. This loss of 16 
steps is indicated by the remaining number of steps shown in the display when the Program 
mode is set. 

Each interface connected to the calculator has a unique address, or select code, so that you 
can specify which interface should respond to each instruction. This select code is a one-digit 
number and must be included in each interface instruction. 

Although the BCD interface is preset to select code 4 at the factory, you can change the 
setting to 5 by following this procedure. 

1. Switch the calculator and the peripheral device off. 
2. Disconnect the interface from the calculator. Remove the four screws on the top of the 

interface connector and remove the plastic cover. 

3. Locate the select code plug (see the next figure), and move it to its alternate position. 



Installation 3 

4. Replace the plactic cover and secure it with the four screws. Then place a new select 
code label on the side of the connector to indicate the new code. 

5. Reconnect the interface to the calculator; then turn the calculator and the peripheral 
on. Verify interface operation by executing an 1/0 instruction (or running a program) 
which specifies the new select code. 

Select Code 4 Select Code 5 

Interface Select Code 

Typical Peripheral Circuits 

Each interface output line has a device with an open-collector output. The current-sinking 
capability of each device is 16 mA and the breakdown voltage is 15 V. Since each output 
device has an open collector, the peripheral receiving circuit must have a positive pull-up 
voltage (not to exceed 15 V) and must be restricted to sourcing (back to the transmitter) less 
than 16 mA. Typical receiving circuits are shown here. 

Voh (Open Collector) = 15.\0;V:max. 
101 = 1 SmA max. 
loh @ (V oh max.) = 250 p.A 

I 
Part of U4, US J 

------

1<16ma 

+SV 

1.SKfl 

2.7Kfl 

+12V 

1Kfl 

2Kfl 

10Kfl 

-12V 

Typical Receiving Circuits 

Peripheral 

TTL or DTL 

2N2369 or 2N3646 



4 Installation 

Each data-input line on the interface goes directly to a data shift register. The input voltage 
must not exceed 5 V. 

A2 

Interface 

- -+~ --l 
I 
I 

10KO I 
I 

U2 through U6 ~--+---+----<P---< 
I 
I 
I 
I 
I 
I _________ J 

Yin max. = SV 
V in high >3.SV 
V in low <1.SV 
I in max. =.Sma 

Peripheral 

TTL, DTL, or open collector TTL 

Typical Transmitting Circuits 

If a peripheral device without isolated or buffered output lines is connected to the interface 
and is switched on while the calculator is switched off, the peripheral circuitry may become 
overloaded due to the low impedance load on the interface input lines when the calculator is 
switched off. This situation can be eliminated by either keeping the calculator switched on or 
disconnecting the peripheral device from the interface when the calculator is off. 

The FLAG signals are received by a TTL Schmitt trigger gate (A2U7) and the low-pass filter 
network shown next. Either of the peripheral transmitting circuits just shown can be used as a 
flag transmitter. 

+5V 

2.2KO 
I in-> 

~------~~~----'----<~FLG 

.01J.Lf 

I in low = 2. ma 
SV in max. = S V 
V in low = <O.6V 
V in high = > 2.4 V 

470 

Interface Flag Circuit 

V in 

~ 

Each data character placed on the interface input lines must be settled 2 JLs before the "data 
ready" signal (FLG line) is transmitted. Then the data must be held stable until the handshake 
is completed. 



2 
Operation 

Introduction 

This section explains the calculator instructions used to control the interface. The preceding 
section should be read before continuing, to insure that the interface is properly connected. 

NOTE 
This section assumes that the reader is familiar with the 
operation of the calculator, as described in the HP 9815A 
Operating and Programming Manual. 

The interface provides the calculator with sixteen key-sequence instructions. These instruc­
tions can be executed from either the keyboard or a program. The instructions can be used to 
specify the type of 1/0 control used for data transfer, the format of the incoming data samples 
and to check each sample for specified conditions. Data can be input and stored in single or 
multiple samples and recalled for use as either complete samples or individual digits. Data 
can be output in either binary or ASCII code. 

A brief summary of the instructions begins on page 6 and a detailed description of each 
instruction comprises the remainder of the section. 

Definition of Terms 

The following terms are used in this section in describing the function of the interface instruc­
tions. 

Digi! - One BCD coded character. 

- Designates the 10 input digits; Digit A is the most significant. 

Byte - One 8-bit binary number or two BCD coded digits in either binary or decimal representations. 

Block 

Illegal 
Characters 

Data Code 

- A number (in fixed-point or exponential form) consisting of a specified number of characters or 
BCD digits. 

- The total data latched during one input operation and consists of 5 bytes (10 BCD digits). 

The BCD characters 10, 11, 12 and 13 are interpreted as illegal characters by the calculator. See 
the Appendix for an explanation of BCD code. 

The data code uses the specified digits four bits to specify the following for each incoming data 
sample: 

.. Bit Sign of the exponent (logical 1 = +, logical 0 = -) . 

.. Bit - Sign of the mantissa (logical 1 +, logical 0 = -). 

.. Bit4 Logic sense (voltage ~2.4V = positive true, voltage ~.7V = negative true) . 

.. Bit 8 Overload indicator (logical 1 = overload, logical 0 not overload) . 

5 
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Summary of the Interface Instructions 

HANDSHAKE (HNDSK) Specifies the I/O control mode (handshake) and sets the logic level 
CALL' (..Iect ") i,;'\ 
ALPHA-' ~ code) ~ 

FORMAT (FRMT) 

it~.tA:' C =) GJ 

MASK 

itp~A:' C~"D GJ 

START 

iN.tk. C=) 
STATUS (STAT) 

itp~L.:. f~~ GJ 

READ 

;N.tA: C~~ 0 

Automatic Data Input 

BURST 

itp~k' C s:~ GJ 

PACK 

~C=)8 

INPUT 

itt.t.:· C ~~ GJ 

SAMPLE (SAMPL) 

;t~.tA:' C~~ GJ 

of the CTL 1, CTL2, FLG1 and FLG2 lines. See page 8. 

Specifies the form of the incoming data for either "single sample" 
(one input device) or "split sample" operations (data from two input 
devices). See page 11. 

Enables an auto check for either overload or illegal characters or 
both. See page 13. 

Sets the interface to automatically input and hold a data sample 
when it becomes available from a peripheral device. See page 14. 

Checks the peripheral device or the handshake status. See page 
14. 

Inputs one data block into X and Y according to the currently set 
FORMAT instruction. See page 14. 

START, STATUS and READ instructions can be used to program an 
automatic data-input capability. See page 14. 

Inputs and stores data blocks directly into data registers at a 
maximum rate of 2000 data blocks per second. See page 15. 

Inputs and stores data with either two 8-digit samples or four 4-digit 
samples per register at a rate of 1000 blocks per second. See page 
17. 

Inputs data in 8-bit binary bytes and stores 8 bytes per data regis­
ter. See page 20. 

Recalls a data block that was stored by a BURST intruction. The 
sample or samples are entered in decimal form in X and Y. See 
page 15. 



DECODE (DCODE) 

~C=)8 

UNPACK (UNPAK) 

~C=)8 
BYTE 

~C=)0 

OUTPUT (OUTPT) 

~C=)8 

Converts a specified number of data blocks previously stored by 
BURST instructions into their decimal form (single sample only). 
See page 17. 

Recalls data, previously stored in a register by a PACK instruction, 
into the stack. See page 19. 

Recalls or stores individual binary bytes of data in a register. See 
page 21. 

Outputs 8-bit-binary bytes of data from data registers. See page 21. 

WRITE BYTE (WBYTE) Outputs the binary equivalent of the decimal value in X to a 
peripheral device. See page 22. ~C=)8 

WRITE ALPHA (WRT(X) Sets the calculator to an Alpha mode which redefines each key to 
(CA[l":) (..""" "\ (CA[l":) 
~\..eod~~ 

output a specified ASCII-coded character. See page 22. 

All output instructions send data in negative-true logic. 

A key overlay (HP Part No. 7120-5354) showing the BCD Instructions is provided with the 
interface. The overlay (shown below) should be placed over the keys A through O. 

GO SUB RETURN PAUSE FOR NEXT 
[READ] [SAMPL] [BURST] [DCODE] [INPUT] 

IF X<V X=V x ... V NOP 
[START] [STAT] [PACK] [UNPAK] [OUTPT] 

MEMORV LD & GO SPACE DELETE INSERT 
[HNDSK] [FRMT] [MASK] [BYTE] [WBYTE] 

Key Overlay 

7 



8 Operation 

I/O Control Instructions 

HANDSHAKE Instruction 

[i~lC=) 8 Stack 

Handshake Mode ±(O, 1 or 2) ~ Y 
±(any value) ~ X 

The I/O control mode and the logic levels used on the CTL and FLG lines are specified by the 
HANDSHAKE instruction (HNDSK). 

The handshake-mode parameter specifies the handshake mode as follows: 

• 0 specifies no handshake. 
• 1 specifies a complete handshake. 
.. 2 specifies a pulsed handshake. 

Timing diagrams and an explanation of each handshake mode begin below. 

The logic level used by the CTL 1 and CTL2 lines is set by the sign of the Handshake-mode 
parameter in Y. Negative-true logic is set with a negative parameter and positive-true logic is 
set with a positive parameter. 

The logic level used by the FLG1 and FLG2 lines is set by the sign of the value in X. 

The calculator, when first switched on, automatically sets a mode 1 (complete) handshake 
with positive-true CTL and FLG logic levels. 

Input Timing Diagrams 

Handshake Mode 0 ( 

110 

High ~2.4 V J 
Low <>0.7 V 

The 110 line is enabled high. 

Data From Peripheral 

Valid ,---------------------
Data is latched and assumed valid whenever an input operation is executed. 

Not Valid 

CTL 1 Not Used 

FLG1 Not Used 

Handshake mode 0 does not use the CTL 1 and FLG1 lines. The calculator sets the I/O line 
high (~2.4 V) when the mode is set. When an input instruction is executed, whatever data is on 
the input lines is latched. 



1 Handshake) 

110 Line 
High;;, 2.4 V TTT7TTT7TTT7n77'rn-----------".,'777:'TTTl'TTTl'TTTlTTT7TTT7TTT7TTT7TTT7n77'7TT7TT 

1/0 line may be low but goes high 

Low ,;;0.7 V /..U..J..."-'-'-'~"-'-U..I..I to indicate an input operation 

CTL1 
Logical 1 

Logical ° 
FLGl 

Logical 1 ____________ --'r-f-~Handshake complete 

Logical ° I L 
The FLGl line must be logical 1 until 

Data From Peripheral CTL 1 goes to logical ° (typically 2JLs) 

Valid ___________ --'r--+hTTT7TTT7TTT7TTT7TTT77TT7TT'T777:'777:~7TT7"77""'" 
Not Valid . 

Data must be valid at least 2JLs before FLGl goes to 1 and must remain valid until CTL 1 goes 
to 0. 

Operation 9 

Handshake mode 1 is a complete peripheral-interface handshake. The calculator initiates the 
handshake by driving the I/O line high. After 46J.Ls, the calculator drives the CTL 1 line to a 
logical 1. The peripheral device should have the data sample valid at least 2J.Ls before driving 
the FLG1 line to a logical 1. The interface then latches the data and drives the CTL 1 line to a 
logical O. The FLG2 pulse must be held at logical 1 until the CTL 1 line goes to logical 0 
(typically 2J.Ls). 

110 Line 
High ;;,24 

Low,;;0.7V 

CTLl 
Logical 1 

Logical ° 
Data From Peripheral 

Valid 

NotValid 

FLGl Not Used 

The 110 line is enabled high 

Data Latched 

!-15JLS:! 
Begin In~ut r---...1.--=i--'-'- End Input 

23JLs I 
----~;:-- : ~--------------

The data should be valid at least 2JLs before it 
is latched by the interface and held valid until 
the CTL 1 line goes to logical 0. 

Handshake mode 2 is a pulsed interface handshake. The calculator enables the I/O line high 
(;;:.2.4 V) when the mode is set. When an input instruction is executed, the calculator drives the 
CTL 1 line to logical 1 for a period of 23J.Ls. The interface latches a data sample 15J.Ls after the 
leading edge of theCTL 1 pulse. The peripheral should have valid data on the input lines at 
least 2J.Ls before the latch occurs, and the data should be valid until the calculator drives CTL 1 
line to logical O. The FLG1 line is not used. 
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Output Timing Diagrams 

o 

Begin Output /End Output 
1/0 Line \ 

High ;;.2.4 V ---If-nn1== 37p.s =1f-------------
Low~O.7V --

Output Data 
Valid 

Not Valid 

CTL2 Not Used 

FLG2 Not Used 

Data is valid until new data is put on the output lines. 

Handshake mode 0 does not use the CTL2 and FLG2 lines for output operations. The cal­
culator drives the I/O line to a logical 0 and puts valid data on the output lines. After a period of 
3711-s the calculator drives the I/O line to logical 1, which ends the calculator output operation. 
The data remains valid on the output lines until new data replaces it. 

1 

1/0 
High ;;. 2 4 V r7"m'7'l77"n-mrrrr:'7T'"I 

The 1/0 line goes low to indicate an output operation 
Low ~O.7 V .LilLLLLLLi.l.LCLLiJ.CiLiL4-_________________ _ 

CTL2 
Logical 1 

I 

: Begin Output End Output 

~27P.Sruu-L 
Logical 2 ------'-----' ,!------------, 

I 

FLG2 : 

Logical 1 _____ --''--_____ ....JI-- [HandShake complete 

Logical 0 . -

Output Data 

Valid 

Not Valid ------' 

The FLG2 pulse must be logical 1 until the 

CTL2 line goes to logical 0 (typically 2p.s) 

Data is valid until new data is put on the output lines. 

Handshake mode 1 is a complete interface-peripheral handshake. The calculator drives the 
I/O line low to initiate an output operation and puts data on the output lines. After 2711-s, the 
calculator drives the CTL2 line to logical 1. The CTL2 line remains at logical 1 until the 
peripheral device drives the FLG2 line to a logical 1. The calculator then drives the CTL2 to 
logical 0, ending the calculator output operation. The FLG2 line can be driven to logical 0 any 
time after the CTL2 line goes to logical 0 (typical minimum FLG2 pulse is 2I1-s). The data on the 
output lines remains valid until new data replaces it. 



Mode 2 

1/0 Line 
Begin Output 

\ 
End Output 

High ~2.4 V --------; 

Low ,,;0.7 V 

CTL2 
Logical 1 

Logical ° 
Output Data 

Valid 

I 1/0 is driven low indicating an output operation 

I 

I I 
I I 

: I 

:--27JLS+22JLS~'+I-- 41JLs --l 
Data is valid until new data is put on the output lines. 

Not Valid ------' 

FLG2 Not Used 

Handshake mode 2 is a pulsed interface handshake. The calculator inititates the output 
operation by driving the 1/0 line low and puts data on the data output lines. 27fLS after the 
leading edge of the 1/0 pulse, the calculator drives the CTL2 line to logical 1 for a period of 
22fLS then drives it to logical O. 41 fLs after the trailing edge of the CTL2 pulse, the 1/0 line is 
driven high to end the output operation. The data remains valid on the output lines until new 
data replaces it. The FLG2 line is not used. 

Data Control Instructions 

(Cii:G)(_'''' 
~ ~code) L-J Data Mode (0 or 1) ~ Z 

±(Number of Digits for Sample 1) ~ Y 
± (Number of Digits for Sample 2) ~ X 

The FORMAT instruction (FRMT) specifies the form of the data for single-sample operations 
(one input peripheral) or split-sample operations (two input peripherals). 

The Z parameter specifies the Data Mode Type. 0 specifies that one data code (digit A) will 
apply to the entire data block. 1 specifes that two data codes (digits A and B) will apply; digit A 
containing the data code for Sample 1 and digit B containing the data code for Sample 2. 

The Y parameter specifies the number of digits in the mantissa of Sample 1. 

The X parameter specifies the number of digits in the mantissa of Sample 2. 

The sign of the X and Y parameters determines if an extra digit should be input and used as an 
exponent: 

• + specifies a fixed-point (no exponent) form. 
• - specifies an exponential form. 

The calculator, when first switched on, automatically sets a FORMAT of Data Mode 0 with 9 
digits in fixed-point form for sample 1 and 0 digits for sample 2. 

11 



12 Operation 

The following table shows the maximum range for the X and Y parameters. 

Format Parameter Range 

Data Mode a 
One data code (digit A) is used for both samples; 9 data digits maximum; n equals the 
number of digits specified for sample 1. 

Case 1 - Both samples are in a fixed-point Sample 1 (n) ~ Y 
form. Sample 2 (9-n) ~ X 

Case 2 - The first sample is an exponential Sample 1 -(n) ~ Y 
form and the second sample is a fixed-point Sample 2 (8-n) ~ X 
form. 

Case 3 - The first sample is a fixed-point form Sample 1 (n) ~ Y 
and the second sample is an exponential form. Sample 2 -(8-n) ~ X 

Case 4 - Both samples are in an exponential Sample 1 -(n) ~ Y 
form. Sample 2 -(7-n) ~ X 

Data Mode 1 

Two data codes (digit A is used for sample 1 and digit B is used for sample 2); 8 data 
digits maximum; n equals the number of digits specified for sample 1. 

Case 1 - Both samples are in a fixed-point Sample 1 n~Y 

form. Sample 2 (8-n) ~ X 

Case 2 - The first sample is an exponential Sample 1 -n~Y 

form and the second sample is a fixed-point Sample 2 (7-n) ~ X 
form. 

Case 3 - The first sample is a fixed-point form Sample 1 (n)~ Y 
and the second sample is an exponential form. Sample 2 -(7-n) ~ X 

Case 4 - Both samples are in an exponential Sample 1 -(n) ~ Y 
form. Sample 2 -(6-n) ~ X 

To use either format mode to input a single sample, enter the number of digits for that sample 
into Y and a zero into X. This will cause the calculator to ignore the data on any remaining input 
lines after the first sample is input. 

Example 1: The FORMAT instruction specifies the following parameters: 
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The digits (A through J) will be interpreted as follows: 

Sample 1 - A (data code) BCD E Exponent F 
Sample 2 - A (data code) G H I 

Since the total digits for both samples is less than 9, any excess digits (in this case only the 
digit J) are ignored. 

Example 2: The FORMAT instruction specifies the following parameters: 

1-.Z 
~C=)GJ 3-.Y 

-4-'X 

The digits (A through J) will be interpreted as follows: 

Sample 1 - A (data code) CD E 
Sample 2 - B (data code) F G H I Exponent J 

[ft.'*;J C=) 0 Mask Code-' X 

The MASK instruction enables an automatic check of incoming data for an overload condition 
and illegal characters. 

The instruction also specifies the action to be taken (set flag 4 and abort reading) if the 
specified condition is found. The table below shows the conditions checked and the resulting 
actions that each mask code specifies. 

When the calculator is first switched on, the automatic check is disabled. 

Table of Mask Code Parameters 

Mask Code Check Action 

5 Overload condition Set flag 4 

6 Illegal characters Set flag 4 

7 Overload condition or Set flag 4 
illegal characters 

8 Overload condition Abort reading 

10 Illegal characters Abort reading 

11 Overload condition or Abort reading 
illegal characters 

13 Overload condition Set flag 4 and 
abort reading 

14 Illegal characters Set flag 4 and 
abort reading 

15 Overload condition or Set flag 4 and 
illegal characters abort reading 
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Input Instructions 

The START instruction sets the CTL 1 line at logical 1 which initiates a data input operation. 
Once this instruction is executed the calculator can return either to a program or keyboard 
operation. Then as data becomes available, the interface automatically inputs the data (ac­
cording to the current handshake mode) and holds it until it is input into the calculator with a 
READ. Executing any input or output instruction other than READ clears this data. 

The STATUS (STAT) instruction is used to check either the peripheral device status or the 
handshake status. The instruction returns one of the following interface status codes to the X 
register. 

Status Codes 

Code Condition 

1 Handshake complete (CTL 1 = logical 0) 
-1 Handshake not complete (CTL 1 = logical 1) 
o Peripheral FLG1 line = logical 0 

-0 Peripheral FLG1 line = logical 1 

If a START instruction is in effect, STAT checks the handshake status and returns either a 1 or 
-1 code to X. If a START instruction has not been executed, STAT checks the peripheral 
status and returns either a 0 or -0 code to X. 

(Cii:l:'l (..Iect"\ G"""I 
~ "code) L:-J 

The READ instruction inputs data from the output device into the stack. The samples are taken 
according to the currently set FORMAT instruction and are displayed according to the cal­
culator number format (FIX, SCI or SCI 3). If two samples are specified by the FORMAT 
instruction, the first is entered into Y and the second into X. 

A READ instruction must be used to input data being held by the interface as the result of a 
START instruction. 

The START, STAT and READ instructions can be used to program an automatic data-input 
cycle for use with slow-speed peripheral devices or in systems using slow sample cycles. 

This program example uses START, STAT and READ to input and print data from a slow 
peripheral device while the calculator computes and displays values of N. 



The START instruction sets the interface to 
input and hold a data sample when it becomes 
available. The STAT instruction monitors the in­
terface status. If the interface status is -1 
(handshake not complete) the program 
branches to step 0013 where a value of A2 is 
calculated and displayed. When the interface 
status is + 1 (handshake complete) the data is 
input with a READ and then printed. The prog­
ram resets the interface with a START instruc­
tion and continues displaying values of A2 until 
the next data sample becomes available. 

~2! 0~) (1 

6(i~Jl 

~j005 
~j~3[i6 

('!til(i 

e ~:J i 1 
[i(i11 
121 [i 1 :3 

CL~:R-t.J 
::;TAr;:~T 

STAT 
IF -
C;OTO 
F.:ERD 
F:~~It'iT 
GCiTCi 
GO TO 
F.:CL. 
E Wi E F: t 

O(ii 7 i 
~~s~Jli:; ::;TD+ 
~j~j 1:3 C;CiTCI 
~"3021 E t·i Ii 

.. , 
'i' 

4 

4 

0[i 11 
0ti~)1 

A 

R 
tHW3 

BURST Instruction 

(it~,;J C~ 8 Number of Data Blocks ~ Y 
Starting Data Register Number ~ X 

Operation 15 

The BURST instruction inputs data blocks, each consisting of 10 digits (including status 
digits), and stores them in data registers. The number of data blocks to be input is entered in Y 
and the starting data-register number is entered into X. Enough data registers to hold the 
specified number of data blocks must be assigned prior to executing a BURST instruction. If 
there are not enough data registers assigned, the calculator prints the error message "IL­
LEGAL ARGUMENT". If the starting address parameter specifies an unassigned data-register 
number, the calculator prints the error message "ILLEGAL ADDRESS". 

The data blocks are stored in negative-true logic in the data registers, regardless of the logic 
sense specified by the data codes. The data blocks can only be recalled using SAMPLE and 
DECODE instructions. When the data is recalled, it is decoded in the logic sense specified by 
the data codes. The SAMPLE and DECODE instructions are explained next. 

SAMPLE Instruction 

~~~8 Data Register Number ~ X 

Data blocks that have been stored in registers by BURST instructions can be recalled to the 
stack with SAMPLE instructions (SAMPL). A SAMPLE instruction recalls the data from the 
register number specified in X and decodes it according to the current FORMAT instruction. 
The sample (or split-samples) are entered into the stack in the order shown below: 

Single-Sample Split-Sample 
Sample ~ X Sample 1 ~ Y 

Sample 2~ X 
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The following program uses FRMT, BURST and SAMPL instructions to input and recall these 
two data blocks: 

+Exponent + Exponent 
+Mantissa -Mantissa 
+ True Logic + True Logic 
Not Overload Not Overload 3 6 7 

Block 1 0111 0101 0011 0110 0111 
A B C D E 

+ Exponent -Exponent 
+Mantissa +Mantissa 
+ True Logic +True Logic 
Not Overload Not Overload 4 3 7 

Block 2 0110 0111 0100 0011 0111 
A B C D E 

The FORMAT instruction sets a Data Mode 1 
with a split-sample of digits and an exponent 
(-3 parameter) for each sample (steps 0000-
0005). The BURST instruction inputs the two 
data blocks and stores them in registers 1 and 
2 (steps 0007-0010). A SAMPLE instruction re­
calls the data from reg 1 and it is printed (steps 
0012-0020). Another SAMPLE instruction re­
calls the data from reg 2 and it is printed (steps 
0021-0028.). 

Here is the resulting printout. 

1 
0001 

F 

1 
0001 

F 

0 1 3 
0000 0001 0011 

G H I 

5 2 3 
0101 0010 0011 

G H I 

0004 EHTEPl 
~je~35 FF.~I·l1T 4 

~~l (1 1 :3 
~JO 15 
iJO 16 

(:J~);;:: 5 
~:j (; 2~ 6 

EHTEPl 
1 
BUP::;T 
1 

1,,:"::'1,,1 
,.",.".' I 

POL. L. .!. 
PF.: niT 
::;PACE 

:,,:"'::':,,: 
/', '17' j 

P~~It'~T 
F.: Ci L .. L. .!. 
PF.~It·~T 
Et·m 

4 

4 

2 
0010 

J 

2 
0010 

J 



Number of Data Blocks ~ Y 
Starting Data Register Number ~ X 

Operation 17 

The DECODE instruction (DCODE) decodes, or translates, data blocks which have been input 
and stored by BURST instructions. This instruction decodes the number of data blocks 
specified by the parameter in Y, beginning with the data-register number in X. After each data 
block is decoded into a valid sample, it is returned to the same register in which it was 
previously stored. 

Data is assumed to be single-sample by DECODE instructions. The instruction decodes the 
sample according to the sample 1 parameters specified by the currently set FORMAT instruc­
tion. If a split sample is specified, the second sample is ignored. If a MASK instruction has 
been executed, the specified checks and actions are performed on each data sample. After a 
DECODE instruction has been executed, the decoded data can be recalled directly to the 

stack with 8 . 

CAll • ~_~\ r-;;-J 
ALPHA" .........,) ~ 

Pack Type (0 or 1) ~ Z 
Number of Data Blocks ~ Y 

Starting Data Register Number - X 

The PACK instruction allows you to input data blocks and store either two or four samples per 
data register. 

The Z parameter specifies the pack type (0 or 1) to be used to store the data samples. Pack 
type 0 stores two 8-digit data samples (each includes data code, mantissa and exponent 
digits) per data register. Pack type 1 stores four 4-digit data samples (each consists of data 
code, mantissa, and exponent digits) per data register. The data is stored in positive-true 
logic of the logic level specified by the data code. 

The Y parameter specifies the number of data blocks to be input and stored. If more data 
blocks are specified than can be stored in assigned registers, the calculator will print out the 
error message "ILLEGAL ARGUMENT". You should assign enough data registers to store the 
specified number of data blocks before executing a PACK instruction. 

The X parameter specifies the starting register number in which data will be stored. If the 
register number specified is unassigned, the error message "ILLEGAL ADDRESS" is printed. 

Typical assignment of data blocks for each pack type are shown in the diagrams on the next 
page. 
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Pack Type 0-

Two Blocks (Single Sample) Per Register or One Block (Split Sample) Per Register 

Data Code A C Data Code A C 
D E 
F G 

D E 
Data Code B F 

Block 1 

H I G H 
Data Code A C 

Block 2 D E 
F G 
H I 

Pack Type 1 -

Four Blocks (Single Sample) Per Register or Two Blocks (Split Sample) Per Register 

Data Code A C 
D E 

Data Code A C 
D E 

Block 1 

Data Code A C 
D E 

Data Code B F 
G H 

Block 1 

Block 2 

Block 3 
Data Code A C 

D E 
Data Code A C 

D E. 

Block 2 

Data Code A C 
D E 

Data Code B F 
G H Block 4 

The data samples are input in the form specified by the current FORMAT instruction, except 
that the data mode is assumed to be 1. If more digits per sample are specified than can be 
accepted by the specified pack type, the excess digits are ignored. The FORMAT parameters 
should be set to match the number of digits acceptable by the pack type specified. This will 
prevent the loss of digits or exponents from the sample being input. 

The following table gives the maximum number of digits per sample for FORMAT instruction 
par1:l.meters to be used with PACK instructions. 



Format Parameters for Use With Pack Instructions 

Pack Samples 
Type Per Block 

0 1 (Single-Sample) 

0 2 (Split-Sample) 

1 1 (Single-Sample) 

1 2 (Split-Sample) 

UNPACK Instruction 

;tp~'; c=) 0 

Blocks Stored 
Per Register 

2 

1 

4 

2 

Range of FORMAT 
Instruction Parameters 

(1 through 7) ~ Y Fixed 
O~X 

-1 (through 6) ~ Y Exp. 
O~X 

(n)~ y Fixed -(n) ~ Y 
(6-n) ~ X Fixed (5-n) ~ 

(n) ~ Fixed -(n) ~ Y 
-(5-n) ~ X Exp. -(4-n) ~ X 

(",;;3) ~ Y Fixed 
O~X 

-(",;;2) ~ Y Exp. 
O~X 

(",;;3) ~ Y Fixed -(",;;2) ~ Y 
(",;;3) ~ X Fixed 3~X 

(",;;3) ~ Y Fixed -(",;;2) ~ Y 
-(",;;2) ~ X Exp. -(",;;2) ~ X 

Pack Type (Oor 1 ) ~ y 
Register No. ~ X 

Operation 19 

Exp. 
Fixed 

Exp. 
Exp .. 

Exp. 
Fixed 

Exp. 
Exp. 

The UNPACK instruction (UNPAK) must be used to recall data from a register after it has been 
input and stored by a PACK instruction. The data is recalled according to the pack type 
specified and the current FORMAT instruction. The pack type parameter specified in Y should 
be the same type that was specified by the PACK instruction that stored the data. The FOR­
MAT instruction should also be the same as the one set when the data was input. 

If a MASK instruction has been executed, any checks and resulting actions are performed on 
the data before it is entered into the stack. Data is entered into the stack in the following order 
by UNPACK instructions: 

Pack Type 0 Sample 1 ~ Y 
Sample 2~ X 

Pack Type 1 Sample 1 ~ T 
Sample 2~ Z 
Sample 3~ Y 
Sample 4~ X 
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The following program uses FORMAT, PACK and UNPACK instructions to input and recall 
these data blocks: 

+ Exponent -Exponent 
+ Mantissa +Mantissa 
+True Logic +True Logic 
Not Overload Not Overload 2 3 1 

0011 0110 0010 0011 0001 
A B C D E 

+Exponent +Exponent 
-Mantissa -Mantissa 
+True Logic +True Logic 
Not Overload Not Overload 1 4 1 

0101 0101 0001 0100 0001 
A B C D E 

The FORMAT instruction specifies that both 
data samples will be two digits and in expo­
nential form (steps 0000-0005). The two data 
blocks are input and stored by the PACK in­
struction specifying Pack type 1 and register 0 
(steps 0007-0012). The UNPAK instruction re­
calls the data samples to the stack and the 
values are then printed. 

1 2 1 Not Not 
0001 0010 0001 Used Used 

F G H I J 

0 3 1 Not Not 
0000 0101 0001 Used Used 

F G H I J 

O~:1(14 Et·~TE~~l 
e ~~ ~J :-:; F P t=1 T 4 

Here is the resulting printout. 2:::: ~3 • ~:j e 
1 ;; 2 ~J 

Number of Data Bytes ~ Y 
Starting Register Number ~ X 

The INPUT instruction inputs 8-bit binary bytes of data and stores 8 bytes per data register. 
The data is input on the digit A and B input lines with A-8 being the most significant bit and B-1 
the least significant bit. The currently set handshake is used to input each byte. 

The Y parameter specifies the number of data bytes to be input. The X parameter specifies the 
starting data register number in which the bytes will be stored. 



Before executing an INPUT instruction, be sure that enough data registers have been allo­
cated to hold the number of bytes (Y parameter) specified. If not, the calculator will print the 
error message "ILLEGAL ARGUMENT". If the starting register number (X parameter) specifies 
a data register that has not been allocated, the calculator will print the error message "IL­
LEGAL ADDRESS". In either case, the instruction will not be executed. 

Data is stored in negative-true logic by INPUT instructions and can only be recalled with BYTE 
instructions or output to another device with OUTPUT instructions. These instructions are 
described next in this section. 

(CiiU:) (..Iect' r-;;-I 
~ "-code) L-J Decimal Equivalent of the Byte to be Stored ~ Y 

±(Register. Byte) ~ X 

The BYTE instruction is used to either recall (+ parameter) a specific 8-bit binary byte from a 
data register or to store (- parameter) an 8-bit binary byte into a specific location in a data 
register. 

To recall a specific byte from a register, the parameter is of the form: 

+ (Register Number) . (Byte Position 0 through 7) 

For example to recall the third byte in register 1, the parameter entered in X would be 1.2. The 
decimal-equivalent value of the byte is returned to X when the instruction is executed. 

To store an 8-bit binary byte in a register, the decimal equivalent of the byte is entered into Y. 
The register-number and byte-position parameter is entered in X in the form: 

-(Register Number. Byte Position 0 through 7) 

For example, to store the binary byte 11010110 in register 2 at byte position 5, the parameters 
would be entered as follows: 

214~ Y 
-2.4~ X 

When the instruction is executed, the binary equivalent of 21410 is stored in register 2 at byte 
position 5. If there is a byte already in that position, the specified byte is stored in its place. 
Any other bytes in register 2 remain unchanged. 

(CiiU:)(_'...-:I 
~ ~code) ~ 

Output Instructions 

Number of Data Bytes ~ Y 
Starting Register Number ~ X 

The OUTPUT instruction (OUTPT) outputs 8-bit binary data that has been stored in data 
registers. The instruction outputs the number of bytes specified in Y, starting with the register 
specified in X. The bytes are output in negative-true logic. 

21 
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WRITE ALPHA Instruction 
CAll . ~Iee~ CALL' 
ALPHA" code) ALPHA" 

The WRT ex instruction sets an Alpha mode, similar to the internal printer's Alpha mode. Now, 
pressing each key outputs (immediately) its corresponding ASCII character. To terminate the 
Alpha mode press ;,"i~A' again. The keyboard below shows each key's corresponding ASCII 
character. 

f F 

[ 0 [, J 

C~J GJ 

[- ",J ~J [o~~ 

C:J 
CJ 
CJ 

Alpha Keyboard 

[0 A 

[J C~) 
(:j (S;~ 
"-~ "'-J 
(~-~'\ 

, STX I 
"'------ ) 

~J 

-,J 

PR!NTER 

OFFO· All 
NORM --

'UNO AUTO 
START 

PRGM 

When the Alpha mode is set, the 8 key outputs the value in the X register in ASCII code. The 

value is output, in the currently-set number format (FIX, SCI or SCI 3) with a leading space or 
minus sign followed by the number. All data output from the Alpha mode is in negative-true 
logic. 

ITE BYTE I 

;t;~A:' C ~J 8 Decimal Equivalent Value (0 to 255) ~ X 

The WRITE BYTE instruction (WBYTE) outputs the 8-bit binary equivalent of the integer value in 
X. The number can range from 0 through 255. The error message "ILLEGAL ARGUMENT" 
indicates that a number is outside this range. A table of decimal and binary-equivalent num­
bers is in the Appendix. 

Values are output with WBYTE instructions in negative-true logic and the data remains valid on 
the output lines until another instruction is executed. 
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Service 

This section contains a brief description of interface operation and instructions to help you 
repair the interface. A complete circuit diagram and a list of replaceable parts are at the back 
of this section. 

If you have difficulty repairing the interface or if you would rather have HP repair it, contact the 
nearest sales and service office for assistance; office locations are listed in the Appendix. 

Theory of Operation 

A block diagram of the interface is shown below. The A 1 circuit board contains an instruction 
ROM, data buffers and interface status circuits. The A2 circuit board contains the input shift 
registers, the interface I/O control and the timing circuits. 

I/O Butt.t 
(OlpoonOO2) , 
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I Oatil 

~~~. -""~<--~~~~----~ 
Storage 

ReglSlers 

I 

---:-::';> I 
OUIpuI j I 
8Uf1I)t""-~~.-

Storage I! 

I I 
I I 
I I 

~-~«---- ---
I-

I 

lIOT,m'ng 
and ConI1(l1 

U7 us 
Ul0 Ul1 

U:21hruU6 

00-- J II 
~ ~<=== ~~~_--~--1 ___ J ==== __ ~~ --,, ___________ IHm_(.'5~ ._ 

Interface Block Diagram 

w, 
j 

Input 

OUlput 

As shown in the block diagram, input data, interface status, and ROM information are transmit­
ted to the calculator on the same Data In Lines. Control signals ATS1, ATS2, and STM2 
determine which information is currently being transmitted. 

The interface select code is determined by the position of programming plug E2. The interface 
responds to either select code 4 when the plug is in place, or select code 5 when the plug is 
removed (in its alternate position). 

23 
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This sequence occurs for each character output. 

1. As an output instruction is executed from the calculator, the status gates are enabled. 

2. The calculator puts data on the output lines and drives the I/O line low indicating an 
output operation. 

3. The output operation is terminated according to the handshake mode specified (see 
"HANDSHAKE Instruction" in Section 2). 

III Mode 0: 37IJ-s after the I/O line goes low, it is driven high again, terminating the 
output operation. 

• Mode 1: 27 IJ-S after the I/O line goes low, the ACAL line drives CTL2 to a logical 
1 (the logic sense set by A2U10 and A2U12). The CTL2 line stays at 1 until the 
peripheral drives the FLG2 line to logical 1 indicating "done". The CTL2 line is 
then driven to 0 terminating the operation. The FLG2 line can go to 0 any time 
after CTL2 does (typical minimum FLG2 pulse is 2IJ-s). 

• Mode 2: 27 IJ-S after the I/O line goes low, the ACAL line drives CTL2 to a 1 (as set 
by A2U10 and A2U12) and it is held at 1 for 22IJ-s before it is driven to O. 41IJ-s 
after CTL2 goes to 0, the I/O line is driven high which terminates the operation. 

4. In all handshake modes, the data remains valid on the output lines until new data 
replaces it. 

1. The status gates are enabled when an input instruction is executed. 

2. The interface timing circuits (A2U9 and A2U10) are cleared and the shift registers 
(A2U2 through A2U6) are set to a parallel load condition. 

3. The I/O line is driven high to indicate an input operation. 

4. The input operation is completed according to the handshake mode specified (see 
"HANDSHAKE Instruction" in Section 2). 

• Mode 0: Data is assumed valid and then latched by pulsing the ACA2 line. 

" Mode 1: 46IJ-s after the I/O line is drive high, the ACAL line drives CTL 1 to a 
logical 1 (as set by A2U10 and A2U12) signalling "calculator ready" to the 
peripheral. The peripheral then drives the FLG1 line to logical 1 when valid data 
is available. The CTL 1 line is driven to 0 (ACAL is cleared) when the data is 
latched by pulsing ACA2. The peripheral can drive the FLG1 line to 0 any time 
after CTL 1 goes to 0 (typical minimum FLG1 pulse is 2IJ-s) . 

.. Mode 2: The ACAL line drives CTL 1 to a logical 1 (as set by A2U10 and A2U12). 
15IJ-s after the leading edge of the CTL 1 pulse, the data is latched by pulsing 
ACA2. The data should be valid a minimum of 2IJ-s before the latch occurs. 8IJ-s 
after the data is latched, the CTL 1 line is driven to 0 (ACAL is cleared). Total 
CTL 1 pulse time is 23 IJ-S. 

5. Each byte is input into the calculator and the next one shifted into position by 8 pulses 
from A2U9 and A2U10 (controlled by ACA2). 

6. The data is transferred and stored in the calculator as specified by the input operation 
being executed. 
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Additional Theory 

Refer to the fold-out circuit diagram while reading the following sections. 

A 1 U8 is a BCD-to-decimal decoder which, together with its associated circuitry, enables the 
ROM as each 1/0 instruction is executed. The signals on the ROM address bus are strobed 
continuously and have no steady state. 

Power-up 

A101 controls the -12 V supply for A1U7. A101 is switched off except when the ROM is 
enabled by an 1/0 instruction. A 1 C1 enables A 101 to switch-on more rapidly. 

Troubleshooting & Repair 

Read the remainder of this section before attempting to service the interface. When you 
suspect that the interface is defective, first disconnect it from the calculator and verify cal­
culator operation by running all applicable tests using the Utility and Test Cartridge. See 
Appendix 2 of the calculator operating manual for instructions. 

r 

If an internal trace on the circuit board is open or has high resistance, it should be bridged 
using insulated wire, on the back of the board. 

Equipment 

CAUTION 
TO HELP PREVENT DAMAGE TO THE CIRCUIT BOARD, 
USE A LOW-TEMPERATURE SOLDERING IRON WHEN RE­
PLACING PARTS. 

.. An HP 9815A Calculator, with option 002 (two channel I/O) . 

.. Utility and Test Cartridge, HP PIN 09815-10004. 

.. An HP 427 A voltmeter (or equivalent). 

.. A board extender card PIN 09815-66582 . 

.. Test Connector HP PIN 1251-3334 (supplied with the Interface). 
'" An HP 10525A Logic Probe (or equivalent) with an appropriate power supply. 

Setup 

Switch the calculator off and disconnect all interfaces. Remove the BCD interface circuit 
boards from their cases. Connect the A 1 circuit board to the calculator using the board 
extender (see the next photo). Connect the A2 board to A 1 with the XA 1 connecting cable. Be 
sure that both boards are connected with the component sides up, as shown in the photo. 
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Replace the XA2 connector on the A2 board with the Test Connector. The Test Connector 
(Rev. B) should be connected with the word "TOP" facing up. The photo below shows a Rev. A 
test connector which should be connected with the printing facing down. 

Troubleshooting the Interface 

Before switching the calculator on, first verify that the select code plug is in position for select 
code 4 (see page 3). Then check for broken wires on the connecting cable between the circuit 
boards; refer to the schematic on page 31. 

P 
1. Switch the calculator on. 

2. If the display shown above does not appear, switch the calculator off, disconnect the 
interface boards and switch the calculator back on. 

3. If the correct display appears when the interface is not connected, but does not 
appear when the interface is connected (try each I/O channel), disconnect the circuit 
boards and check for a shorted or low-resistance line on each calculator-to-interface 
pin. Use the GND pin on the Test Connector as a ground reference. All pins should 
measure greater than 1 MO to ground except these (± 10% tolerance allowed): 

Ai = 1KO 
A19, 20 = 2000 
A2i, 22, 23 = 00 

B1 = 26KO 
B25 = 7000 

If an incorrect measurement is found, check the related components and circuit-board 
traces. Then reconnect the interface to the calculator and repeat step 1. 

4. Set RU"6:d AUTO 
START 
.. OM 

The number displayed on the right should be either 0376 (basic memory) or 1912 
(option 001). If not, perform the ROM check procedure. 



To check the ROM (A 1 U7), perform the ROM test included in the Utility and Test Cartridge 
supplied with your calculator. The test procedure is described in Appendix 2 of the Calculator 
Operating Manual under "ROM Test". 

If the test fails, perform the following checks: 

1.Using the logic probe to monitor A1U7 pin 15, press the sequence8 (;t~l 0 0. A 

negative pulse should be seen each time the sequence is executed. If not, replace 
A1U3 or A1U8. 

2.Monitor A1U7 pin 13 and press the sequence 8 (;~J 0 0 . A positive pulse 

should be seen each time the sequence is executed. If not, check A 1 Q1 and its related 
components. 

3. If pulses are seen at A 1 U7 pins 13 and 15 in the checks above and the ROM test fails, 
replace A1U7. 

Interface 

Insert the Utility and Test Cartridge into the calculator tape drive. To load the Interface Test 
Program from file -25: 

Press: 8 25@ 8 

When the tape drive halts: 

Press: 8 @ 
If the interface passes the test, the calculator will print "Test Passed". 

If the calculator prints 'Test Failed" or does not print anything within 10 seconds, switch the 
calculator off, then on again. Check the connectors on the boards to be certain that they are 
properly connected and repeat the test procedure. If the test still fails, contact the nearest HP 
Sales and Service Office for assistance. See the back of the manual for the location of an office 
near you. If you wish to repair the interface yourself, follow the troubleshooting procedure 
given next in this section. 

This procedure verifies A 1 U4, A 1 US, Part of A 1 U2, and the CTL2 and FLG2 circuits. 

1. Connect the Test Connector to the A2 board as shown on page 26. 

PII.lnl 

2. set':U Press 

CD CENTER. )~0o 

27 
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If the display remains "busy" as shown below, press @ and go to step 5. 

3. Now check each of the Data Out lines (00-07)on the A2 board. Each line should be 
high (~2.4 V). If not, check its corresponding inverter, A 1 U4 or A 1 U5. Then repeat this 
step. 

4. Press 255 it;~.:. 08 and check each output line(00-07).EaCh line should be low 
(~O.7). 

5. Using the logic probe, check for a CTL pulse at each of the pins listed below, press 
this sequence for each check: 

8 it.';.'.:. 0 8 (press @' if needed, to cancel the busy display). 

If a pulse is not seen, replace the indicated component(s). 

Monitor: 

XA 1 pin A 10 (ACAL) 
XA2 pin A 11 (CTL2) 
XA2 pin A 10 (FLG2) 
A1U2 pin 7 

Check 

Check: 

(Calculator requires service) 
A1R1,A2U11,A2U12,A2U13 
Test Connector (see step 1) 
A1U2 

This procedure verifies the following components: 

A2U2 through A2U6, A2U9, A2U10, and the CTL 1 and FLG1 circuits. 

1. Connect the Test Connector to the A2 board as shown on page 26. 

2. Set "TiFi 
"'GMU Press 

• G8 8 1 GN~ it;~A:' 0 GJ 

8 8 G8 CENTER + ) 0 
CALL· 08 ALPHA" 

1 05 it;~A:' 0 8 CAll . 02 ALPHA" 

3. The value returned to the display should be: 

If any other value is returned, check the shift registers A2U2 through A2U6. If the 

display remains busy instead of returning a value, press @ and go to step 4. 
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4. Using the logic probe, check for a CTL pulse at each of the pins listed below; press 

this sequence for each check: ~tpL~A:' 0 0 (press @ , if needed, to cancel the 
busy display). If a pulse is not seen, replace the indicated components. 

Monitor: 

XA 1 pin A 10 (ACAL) 
XA 1 pin A2 (CTL 1) 
XA2 pin A9 (FLG1) 
A1U2 pin 7 

Check: 

(Calculator requires service) 
A1R1.A2U11.A2U12.A2U13 
Test Connector (see step 1) 
A1U2 
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Replaceable Parts 
REFERENCE "f" TQ DESCRIPTION DESIGNATOR PAR NO. 

Al ROM Board 98133-69503 1 ROM PC Assembly 
A1Cl 0160-4387 1 Cap: 471Lf, 200V 
A1C2 0180-0228 1 Cap: 221Lf, 15 V 

A1C3,C4 0180-1704 2 Cap: 471Lf, 6V 
A1El 1200-0471 1 Socket: 8-pin DIP 
A1E2 1258-0124 1 Plug, select code 
A1Ql 1853-0058 1 Transistor: Si., PNP 
A1Rl 1810-0162 1 R-Network: 14 pin DIP 

A1R2,R4 0683-1025 2 Res: lk, Y.W, 5% 
A1R3 0683-6825 1 Res: 6.8k, Y.W, 5% 

A1U1,U2 1820-1255 2 IC: Hex Inverter, DM8098 
A1U3 1820-1144 1 IC: Quad, 2-input NOR Gate, SN74LS02N 

A1U4,U5 1820-0471 2 IC: Hex Inverter/Driver, SN7406N 
A1U7 1818-2639 1 IC:ROM 
A1U8 1820-1418 1 IC: Decoder, SN74LS42J 
Wl 98133-61601 1 Cable Ass'y w/connectors 
XAl 1251-4327 2 Connector, 30 pin 

5040-7781 1 A 1 Cover, Top 
4Il4n-7782 1 A 1 CnvAr Bnttom 

A21!0 Board 98133-66501 1 I/O PC Assembly 
A2Cl, C3, C7, C8 0160-3847 4 Cap: .01ILf,25V 

A2C2, C9 0160-3878 2 Cap: .001ILf ,50V 
A2C4 0180-0106 I 1 Cap: 601Lf,6V I 

A2C5, C6 0160-3879 2 Cap: .01ILf, 100V 
A2CRl 9101-0535 1 Diode, Hot Carrier 

A2Rl,R2,R8,R9, 
Rll,R13 0683-1035 6 Res: 10KO, Y.W, 5% 
A2R3,R4 0683-4705 2 Res: 470, Y.W,5% 

A2R5,Rl0,R12 0683-1515 3 Res: 1500, Y.W, 5% 
A2R6,R7 0683-2225 2 Res: 2.2KO, Y.W, 5% 

A2RP1-RP5 1810-0055 5 R-Network 
A2Ul,U8 1820-1146 2 IC: CD4050AE 

A2U2 1820-0977 1 IC: CD4034AD 
A2U3, U4, U5, U6 1820-0970 4 IC: CD4014AE 

A2U7 1820-1416 1 IC: SN74LS14N 
A2U9 1820-1418 1 IC: SN74LS42N 
A2Ul0 1820-1112 1 IC: SN746LS4N 
A2Ull 1820-1197 1 IC: SN74LSOON 
A2U12 1820-1211 1 IC: SN74LS86N 
A2U13 1820-0514 1 IC: SN7426N 

W2 98133-61602 1 Cable Ass'y w/connectors 
XA2 1251-3339 1 Connector, 60 pin 

5040-8035 1 A2 Cover, Top 
5040-8034 1 A2 Cover, Bottom 
5040-8025 2 A2 Cover, Ends 
1251-3339 1 Test Connector, 60 pin 

98133-90000 1 Operating and Service Manual 
98133-90010 1 Reference Card 

7120-5054 1 Key Overlay 
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A1 ROM Board 

A2 I/O Board 
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AL TCt'1 
14 
15 

+sv 
GND 
GNO 
FlG 

NC 
NC 

ACAL 
010 

09 
00 
01 

11 
12 
14 
18 
J8 
J4 

J2 
J1 

FtG1 
FlG2 

C1L2 
CTl1 

10 
GND 
GND 
GND 

GND 
C1 
C2 
C4 

C8 
D8 
D4 
02 
01 
07 

06 
05 
04 

XA1 Connector 
to A1 Board 

0 
A 

1:' '- 1 IJ 
2...:' , 12 
3 _, c 3 11 

C 4 10 
5 -~ 5 16 

6 =-- ( 6 17 
7 04 

8 - c 8 -
9 - c 9 06 

10 -- C 10 011 
11:\ c 11 07 

12 :' - 12 OS 
13 _) c 13 03 
14 ~l c 14 02 
15 :' , 15 __ ACA2 

A B 

0 
\Back View) 

XA2 Connector 
TO INTERFACE CARD 

o 
A 

1:0 C 1 

-- ,C; c 2 
3 _') c 3 
4-:) c 4 
5~ c 5 
6 :) C 6 
7 :! C 7 
8:0 c 8 

-- 9 =, ,- 9 
-- 10 ~ c 10 

-- 11""] e11 -
-- 12 J c 12 --
- 13 ::.J c 13 -
-- 14 -=) c 14 -
-- 15 ::J C 15 -
-- 16 :) c 16 

-- 17 _I , 17 --
18 C 18 
19 - c 19 

- 20 _-, c 20 
-- 21 _, C 21 
-- 22 (: 22 

- 23 -) c 23 
24 c 24 
25 =-' c 25 
26 C 26 
27 _-, c 27 
28 ::J c 28 
29 =' c 29 '-

G1 
G;' 
G4 
G8 
H8 
H4 
H2 
Hl 
[1 

E2 
E4 
[8 

F8 
c4 
F2 
F1 

GND 
Al 
M 
A4 
A8 

81 
82 
B4 

88 
03 
02 

01 
00 

Shield __ 30 ~.l c 30 -- SI~le!cl 

A B 

0 

Schematic Notes: 

Signal 

A8 

A4 

A2 

A1 

B8 

B4 

B2 

B1 

C8 

C4 

C2 

C1 

08 

04 

02 

01 

E8 

E4 

E2 

E1 

F8 

F4 

F2 

Fl 

G8 

G4 

G2 

G1 

P2 Connector 
to A2 Board 

0 
A 

Shield 1 _, 00 
04 2 -) 01 
05 3 - 3 - 02 

06 4 - C 4 03 

07 5 _, C 5 NC 

010 ,- 6 09 
011 7 - (~ 7 DI~ 
DI4 B - ,_ 8 Dl1 
DIS 9 -, 9 DI2 
DI6 10- {1O D13 
DI7 11 :> ell ACA2 

ACAL 12 :-1 e12 ALTCH 
FLG 13 _\ c13 MPWO 
+5V 14 -, , 14 +5V 
GND 15 _, C 15 GND 

A B 

0 
(Ba{:k View) 

X A2 Wire Connections 

Wire Color Signal Wire Color 

WhllYellBlu H8 WhtlBrnlBlu 

WhtlYellGrn H4 WhtlBrnlVio 

WhtlOrnlGry H2 WhtlBrnlGry 

WhtlOrnlVio H1 WhllRedfOrn 

WhllGrnlVio 18 Grn 

Wht/GrnfBlu 14 Yel 

WhllYelfGry 12 Orn 

Wht/YellVio 11 Red 

WhtlGry J8 Blu 

WhtlVio J4 Vio 

WhtlBlu J2 Gry 

WhtlGrn J1 Wht 

WhtlBlklBrn 07 WhtlBlklGrn 

WhtlBlklRed 06 WhtlBlklBlu 

WhtlBlkrOrn 05 WhtlBlklVio 

WhtlBlklYel 04 WhllBlklGry 

WhllRedlVio 03 WhllGrn/Gry 

WhtiRed/Blu 02 WhtlBlulVio 

WhtlRedrGrn 01 WhtlBlulGry 

WhtlRedfYel 00 WhtlVioiGry 

WhtlRedlGry FLG1 WhtiBlk 

WhllOrnlYel FLG2 WhtlBrn 

WhllOrnrGrn CTL2 WhtlRed 

WhtlOrn/Blu CTL 1 WhtlOrn 

WhtlBrn/Grn 110 WhtlYel 

WhllBrnfYel GNO Blk 

WhllBrnlOrn GNO Brn 

WhtlBrnlRed Shield Shield 

1. Unless indicated otherwise, resistor values are shown in ohms and 
capacitor values are shown in microfarads. 

2. See page 2 before changing the position of E2, the select code plug. 
3. Wire color code is the same as resistor color code: The first number 

indicates the base color, second number indicates the wider strip, and 
third color indicates the narrower strip (e.g., 924 = white, red, yellow). 

o Black 
1 Brown 
2 Red 
3 = Orange 
4 = Yellow 

5 = Green 
6 = Blue 
7 = VBiolet 
8 Grey 
9 = White 



A 1 ROM Board Schematic 

~c~ ~NTERFACE ;8133-6650; - --- - - --- - - --- - - --- - - --- - - --- - - -: 

+12V--f<8! ~"" +1 +12V I 

: I ;:,; ~~ I '4 ' WI 

+5v-kAI9(::J 1 +5V +5V~A4): ~ n 
I / + C4 J3 I I , I 

+5V-"'i<1
, 

A20..;;:--" 147 I II 
V [ II 

AFLGi<B2Sf------ I: :: 

ATS 2~r(822(-- --"- SELECT I::: 
DM~--kA6( CODE FA5~GND 
OMl - "Ok 86 ( EI A6)i---'+: 

DM2~85( I I :: 
I 0 0 I II 

DM3--KAS( 1 I :: 

DM4~A4<--- I I II 

OM5 --i-< B4 <:C-"'" ¢ I:: : 
DM6--i-<83 (-" : :: 

OM7-+<A3~ A7) :~~ Ii FlG , I ROM +12V I: :: 
POWER-UP I I I 

01 I : ~ 
I ~fT~EJu~~f~s I: l: 
'I j---'--h'i +;~HI 1: :': 

+12V---.!..,2 21 1.3 ~4.7K )84~DI0 

I + 5V + 5V I:: : 
-5V-+-(AI C3 ,5 ~~-j~ 1:1 

! I +~47 B3~DIl 
A0 ---kAIO : + 5V I: :: 

I I Rt-9 I Ii 
Al-+(AI2 24 17 4.7K 82~0l2 

A2-~813<E--" I I I II I +5V I II 

A3-+<A9(-""" 25 I RI-8: 1 il 
A47Blo<E--~ 4 INST~g2TION 22 :8 4.7K 81~DI3 
A5-+(SII 26 I +5V I: 11 

A6-+<A7~ U7 :I~ ~:ik : 97 :: 
A7-t<812<:- -~: I +5V A12~D14 
AS788f- 17 : RI-5: 11 
A9--t-<A8~ 11<l 4.7K I II 

A10-kS7 21 ---- I A3~OI5 
I +5V I: il STM2-+<82~?:7 I tRI -4 I )1 :, I I , 

" 
10 117 4 .. 7K )85~~DI6 

::~=t:~~Ei i +5~'_3 I i ii 
2:0 IjB ~.~86~or7 

GNo--kA213 19.2:8 15 I: :: 
I, : 1i 

I II 
ATSi -+<823 ( : I ' 

i I J5* i 
All-+<AII~ 15 A 1 Ii 

A12~89 14
8 us 1 :: 

A13--i<A13 13 C I II 

A!4---kA2 
12

0 \ \\ 

: I : :: 
I I +5V I :: 

:, I ~-...-.....<::l RI-13 I::: 
4.7K I~04 II 

ACAL-T<A25( AI~ACAL 

ALTCH----KAI8 )AI~ALrcH 
4 1 907 ) 1 

AOl<'--i-<B20<E---- 3 U5B ""----~"_____1AI~O!3 

A01-t<821 f----- -'~-- )AI~:~~ii 01 

AD2---kAI4( 9 U40 · --"" .-----~81~02 

A03-t<AI7( ---~---"- """--""--18!3~03 
AD4-T<AI6( ~ )87~+04 
A05-fcA I5( "-:~ -------781~05 
AD6---+<BI5~"------i '~~ ------- -- """---789~06 
AD7---k814( r-" II U4E 10 -,,-,,-------------j.BI~07 
AOS--'-(816( -"~ ,---;,8S>+-""+OB 

AD9---k819~- ------ ---... ---""-~-,~ ------------7A!~09 
A1Ql-~818( 13 U5F 12 --.... - --)AII~010 

~
o I 90. Ir 

AD11 ~B17oE-- ""--"" II U5E --------7BI~-:...·~-I-I--Ol1 
I I: 

MPOW----«"B?4( -- -------- --- - - )AI5~MPOW 
ACA2~24( --, --- "----- ---1BI~ACA2 

, 'J 

6;0943 --- - - --- - - --- - - --- - - --- - - --- - - --- - - --- - -~ \ 
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A2 I/O Circuit Board Schematic 

IA?"T------------------------­
~ BCD INTERFACE 96133~66501 
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Appendix 

Binary Coding and Conversions 

Binary is a base 2 number system using only 1's and O's. By giving the 1's and O's positional 
value, any decimal number can be represented. For example, this diagram shows how deci­
mal 41 = binary 101001: 

Decimal Binary 

10' 10° 25 24 23 22 2' 2° 
! ! ! ! ! ! ! ! 
10 1 32 16 8 4 2 1 

4 0 0 0 

The primary code for representing numeric values with this interface 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 code 010000110110, to decimal: 

BCD representation 

Decimal Value 

0100 

! 
4 

0011 

! 
3 

0110 

! 
6 

The decimal equivalent number is found by breaking up the 12-bit binary number into groups 
of 4 bits (starting from the right) and converting each group into a decimal number. Valid BCD 
characters include 0 through 9 and the decimal point (14 or 15). 

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 + 2° = 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 
2f'fO -,'> 0 
215 -,'> 1 
2[2 -,'> 0 
21'1 -,'> 1 

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. 
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To convert from binary to octal, the octal number is broken up into groups of three bits 
(starting from the right). Each group 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 

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 

ASCII 

1 

t 
001 

4 

t 
100 

o 
t 

000 

011 

t 
3 

7 

t 
111 

001 

t 

2 

t 
010 

6 

t 
110 

Binary is often used as a code to represent not only numbers, but also alphanumeric charac­
ters such as "A" or "," or "?" or "x" or "2". One of the most common binary codes used is 
ASCIi1. ASCII is an eight-bit code, containing seven data bits and one parity bit. The BCD 
Interface uses 7 bit ASCII without a parity bit. 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 pages 36-37. 

'American Standard Code for Information Interchange. 
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NOTES 
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ASCII Character Codes 

ASCII EQUIVALENT FOAMS Alpha ASCII EQUIVALENT FOAMS Alpha 
Char. Binary Octal Dec Mode Char. Binary Octal Dec Mode 

NULL OOOOOOOO 000 0 space 00100000 040 32 § STOP 

SOH 00000001 001 1 @ ! 00100001 041 33 

STX 00000010 002 2 ~ " 00100010 042 34 

ETX 00000011 003 3 • # 00100011 043 35 8 
EOT 00000100 004 4 $ 00100100 044 36 GJ 
ENQ 00000101 005 5 % 00100101 045 37 

ACK 00000110 006 6 & 00100110 046 38 

BELL 00000111 007 7 00100111 047 39 ® 
BS 00001000 010 8 ( 00101000 050 40 8 

HTAB 00001001 011 9 ) 00101001 051 41 8 
LF 00001010 012 10 00101010 052 42 8 

VTAB 00001011 013 11 + 00101011 053 43 8 
FF 00001100 014 12 00101100 054 44 0 
CR 00001101 015 13 - 00101101 055 45 0 
SO 00001110 016 14 ~-- 00101110 056 46 0 
SI 00001111 017 15 ~- I 00101111 057 47 (] 
OLE 00010000 020 16 0 00110000 060 48 C O~ 
DC, 00010001 021 17 1 00110001 061 49 1 

DC, 00010010 022 18 2 00110010 062 50 CD 
DC, 00010011 023 19 3 00110011 063 51 CD 
DC, 00010100 024 20 4 00110100 064 52 I] \~~ 

NAK 00010101 025 21 
~\ 

5 00110101 065 53 lSj 

SYNC 00010110 026 22 6 00110110 066 54 (~) 
ETB 00010111 027 23 7 00110111 067 55 IjJ \ 7 

CAN 00011000 030 24 -."'- 8 00111000 070 56 Ca) 
EM 00011001 031 25 -- 9 00111001 071 57 (!J 
SUB 00011010 032 26 00111010 072 58 C,-~ 

ESC 00011011 033 27 - 00111011 073 59 

FS 00011100 034 28 -- < 00111100 074 60 

GS 00011101 035 29 -- ... 00111101 075 61 :TANl 
1_. 

RS 00011110 036 30 -- > 00111110 076 62 8 
US 00011111 037 31 - ? 00111111 077 63 r~ 
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ASCII EQUIVALENT FOAMS Alpha ASCII EQUIVALENT FOAMS Alpha 
Char. Binary Octal Dec Mode Char. Binary Octal Dec Mode 

@ 01000000 100 64 0 01100000 140 96 

A 01000001 101 65 0 a 01100001 141 97 

B 01000010 102 66 0 b 01100010 142 9B 

C 01000011 103 67 r~] c 01100011 143 99 

D 01000100 104 68 oJ d 01100100 144 100 

E 01000101 105 69 r~ e 01100101 145 101 

F 01000110 106 70 0 f 01100110 146 102 

G 01000111 107 71 0 9 01100111 147 103 

H 01001000 110 72 C;;:] h 01101000 150 104 

I 01001001 111 73 I 01101001 151 105 

J 01001010 112 74 0 j 01101010 152 106 

K 01001011 113 75 0 k 01101011 153 107 

l 01001100 114 76 0 I 01101100 154 108 

M 01001101 115 77 C-;:-J m 01101101 155 109 

N 01001110 116 7B C~ n 01101110 156 110 

0 01001111 117 79 0 0 01101111 157 111 

P 01010000 120 BO G~ P 01110000 160 112 

Q 01010001 121 Bl R q 01110001 161 113 

A 01010010 122 B2 ;~ r 01110010 162 114 

S 01010011 123 B3 8 s 01110011 163 115 

T 01010100 124 B4 l~ t 01110100 164 116 

U 01010101 125 B5 ~ u 01110101 165 117 

V 01010110 126 86 l~ v 01110110 166 118 

W 01010111 127 B7 8 w 01110111 167 119 

X 01011000 130 88 f:0 x 01111000 170 120 

y 01011001 131 89 Y 01111001 171 121 

Z 01011010 132 90 8 z 01111010 172 122 

[ 01011011 133 91 { 01111011 173 123 

\ 01011100 134 92 : 01111100 174 124 

1 01011101 135 93 1 01111101 175 125 

01011110 136 94 8 - 01111110 176 126 

- 01011111 137 95 DEL 01111111 177 127 
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HEWLETT i:/; PACKARD 

SALES & SERVICE OFFICES 

ANGOLA 
Tlllectra 
Empresa Tecmca de 

EQuiparr11lntos 
Eh~ctncos, S A R L 

R Barbosa RodnQues, 42-1 OT 
Calxa Postal 6487 
Luanda 
Tel 3551Si6 
Cable TELECTRA l.uanda 

AUSTRALIA 
Hewlett-Packard Australia 

Ply LId 
31·41 Joseph Street 
Blackburn Victoria 3130 
POBox 36 
Doncaster East Victoria 3109 
Tel 89-6351 
Telex 31-024 
Cable HEWPARD Melbourne 

ALBERTA 
Hewlett-Packard (Canadal Ltd 
11620A 168th Street 
EdmontonT5M 3T9 
Tel (403)452-3670 
TWX 610-831-2431 

ARGENTINA 
Hewlett-Packard Argertl'1a 
SA 
Av Leandro N Alern 822 12 
1001 Buenos Aires 
Tel 31·606345.6 and 7 
Telex 122443 AR CIGY 
Cable HEWPACK ARG 

In 3560082 

BRAZIL 
Hewlett-Packard dn Brasil 
leC Ltda 
Avenloa RIO Negro 980 
Alp~lavlliP 
06400Barueri SP 
Tel 429-3(22 

BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd 
837 f Cordova Street 
Vancouver V6A 3R2 

i~X{6~6_~~t~6~~ 

INDONESIA 
BEReA IndoneSia P T 
POBox 49SJkt 
JLN.Abdul Mu's 62 
Jakarta 
Tel 40369, 49886 49255.:156038 
JKT4289S 
Cable BERCACON 

MANITOBA 
Hewlett-Packard (Canada) Ltd 
513 Century SI 
51 James 

~n~W7:l~5~~8 
TWX 610-671-3531 

Yokog"NafiewletH'<c'''' lid 

MALAYSIA 
Teknlk Mutu Sdn Bhd 
2 Lorong 13 6A 
SectIOn 13 
Petaling Jaya,Selangor 
Tel 54994 54916 
Telex MA 37505 

MOZAMBIQUE 
AN GO'1calves l.1a 
152 1 Apt 14 Av 0 LUIS 
Calxa Postdll07 
Lourenco Marques 
Tel 27091 ?7114 
Telex 6-203 NEGON Me 
Cable NEGON 

NEW ZEALAND 
Hewlett-Packard IN II Ltd 
POBox 9443 

NOVA SCOTIA 
Hewlett-Packard (Canada I Ltd 
800 Wind mill Road 
Dartmouth B3B 111 
Tel (9021459-7820 
TWX 610·271·4482 HFX 

EL SALVADOR 
IFlstQJ1Tlentaclon y 

ElectrOf1lcodeel 
Bulevar de iOS Heroes 
San Salvador 
Tel 25?78l 

GUATEMALA 
IPESA 
Averuda ia ~eto''Tla 3-,18 
Zon~ 9 
Guatemala City 
Tel 6162/ fi4786 
Te<f'~ ,1192 Tr.le!ro Gu 

ONTARIO 
Hewlett-Packard (Canada I lId 
1020 Morrison Or 
Ottawa K2H 8K7 
Tel (613) 820-5483 
TWX 610-5631636 
Hewlett·Packard (Canana) Ltd 
6877 Goreway Drive 

~:S~!~~~6?:_~:jo 1 M8 
TWX 610·492-4246 

MEXICO 
Hewlett-Packard Mexlcana 
S A de C V 
Av Perlleflco Sur No 6501 
Tepepan XOChHllllcO 
Mexico 23 D F 
Tei 905-676·4600 
Hewlett-Packard Me~lca'1a 
S A de C V 
Ave CO'lstltucll1n No 2184 
Mon1errey N L 
1131 48·71-32 48·71-84 
Telex 038-410 

NICARAGUA 
Rober1o Teran G 
Apartado Postal 689 
FdlhclDTeran 
Managua 
Tel 25114 2341223454 
Cable ROTE RAN Managua 

PANAMA 
ElectronlCO Balboa SA 
POBox 4929 
Calle Samuel LeWIS 
CUldad de Panama 
Tei fi42700 
Tele~ 3483103 Curunda 

Canal Zone 
Cable ELECTRON Pan,l'na 

RHODESIA 
field Tech'lIcai Sales 
45 Kelvill Road North 
POBox 34~8 

~~~Ii~~5U;Il 15 hnw;) 
Tele~ IiH 4122 

SINGAPORE 
Hewlett-Packard SlngapofP 

(pte) Ltd 
1150 Depot Road 
Aiexandra P 0 Bo~ 5R 

~~ln,~~~r35~ 
Telex HPSG RS 71486 
Cable HEWPACK 

aUEBEC 
Hewlett Packard (Canaf)al Ltd 
275 Hymus Blvd 
Pointe Claire H9R 1G7 
lei (514) 697-4?32 
TWX 610-4223022 
TlX 05·821521 HPCl 

URUGUAY 
Pablo Ferrando S A 
CornerClal13 InduSlrlal 
Avenlda Italia 2871 
Casilia de Correa 370 
Montevideo 
Tel 40-3102 
Cable RADIUM MonteVideo 

TAIWAN 
Hewlett·Packald Far East Lttj 
Taiwan Branch 
39 Chung HSIaO West Road 
Sec 1 7t!1 Floor 
Taipei 
Tel 3819160-4 
Cable HEWPACK TAIPEI 
Hewlett-Packard Far East Ltd 
Taiwan Branch 
68-2 ChlJng Cheng 31d Road 

~~o{~~\U2~~318_KaOhSIUng 
Analytical Only 
San Kwang Instruments: Co Ud 
No 20 Yung SlJl Road 
Taipei 
Tel 3715171-4 (5hnes) 
Telex 22894 SANKWANG 
Cable SANKWANG 1 AIPEI 

TANZANIA 
Medical Only 
InlefflaliOnal AeradlO IE A) Ltd 
P 0 8o~ 861 
Dar es Salaam 
lei ?1?5tExt 265 
felex 41030 

THAILAND 
UNIMESA Co , L1d 
Elcom Research BUlldlfHJ 
2538 Sukurnvlf Ave 
Bangkok 
Tel 3932387,3930338 
Cable UNIMf-SA BangkOk 

UGANDA 
MedlcalOllly 
1'llernaliOnal AeradlO{F A) Ltd 
PO flox 2577 
Kampala 
lei 54388 
Cable INTAER!O Karnpdla 

ZAMBIA 

~ 5 g~xu~\~~amhla) 11d 

Lusaka 
Tel 73793 
Cable AAJA YTFf Lusaka 

OTHER AREAS NOT LISTED, CONTACT: 
Hewlett-Packard Intercoqtlnental 
3200 Hillview Ave 
Palo Alto Callforma ~304 
Tel (415) 493-1::.01 
TWX 91{}373-1267 
Cable HF WPACK P"<llo Ana 

FOR CANADIAN AREAS NOT LISTED: 
Conlar:t Hewlett-Packard (Canada) 
lId In Mississauga 

VENEZUELA 
HeWlett-Packard fie Venezuela 
CA 
PO 80x 50933 
Calacas 105 
lOS RlJlces NOrle 
3aTraqsversai 
Edilicio Segle 
Caracas 107 
Tet 35-0011 120 lines! 
Telex 25146 HEWPACK 
Cable HFWPACK Caracas 

FOR AREAS NOT LISTED, CONTACT' 
Hewlett Packard 
Iqler Americas 
3200 HillView Ave 
Palo Alto California 94304 
Tel (41')1493-1501 
rwx 910373 1260 
Cable HEWPACK Palo AUo 
Telex 034-8300 03484Q3 



AUSTRIA 
Hewlen-Packard Ges m b H 
Handelskal52 Hewlett·Packard GmbH 
PObox 7 Werk Groetzmgen 
A-T?05 Vienna Hewlett~PaCkard France Ohmstrasse 6 
Tel (0222) 351621 to 27 Agcnce ReglOnale 0-7500 Karlsruke 41 
cable HEWPAK Vienna Pencentre de la Cap!!!re Tp,1 (0721) 69 40 06 
Telex 75923 ~lewpak a Chemm de la cep1ere 20 il25707 
BELGIUM F·31300 Toulouse-Le Mirail ;kard 
Hewlett-Packard Benelux Tel (51) 40 11 12 ,ecnrllSCheS Buero 
S A iN V Cable HEWPACK 51957 Neumeyer Str 90 
Avenue de Col-Vert, 1 Telex 510957 0-8500 Nuremberg 
hGrOenkraaglaan) Hewlett-Packard France Tel (0911) 563083'85 

·1170 Brussels Agence Regmnale Telex 0623860 
Tel (02167222 40 Aeroport prinCipal de Hewlett-Packard 
Cable PAlOBfN Brussels Marselile-Maflgnane Technlsches Buero 
Telex 23494 paloben bm F-13721Marignane Untefhachlnger Strasse 
CYPRUS Tel (91) 89 12 36 ISAR Center 
Kypromcs Gable HEWPACK MARGN 0-8012 OUobrunn 
19, Gregonos 8. Xenopoulos Ad Telex 410770 Tel (089) 601306117 
POBox 1152 Hewlett"Packard France Cable HEWPACKSA Munchen 
CY-Nicosia ~j~~:e~~lg;a~~Chestr.r Telex 0524985 
Tel 45628/29 Hewlett-Packard GmbH 
Cable KYPRONICS PANDEH!S B P 1124 Technlsches Buero Berlm 
Tele~ 3018 r-35014 Rennes C!!dex Keith Strasse 2-4 

CZECHOSLOVAKIA 
Tel (99) 363321 0- i 000 Berlin 30 
Cable- HEWPACK 74912 Tel (030) 24 90 86 

VyvOlova a Provozr\l Zakladna Telex 740912 Tele~ 183405 hpbln d 
Vyzkumnych Ustavu v Bechovlclch Hewlett-Packard France CSSR·25097 Bechovice u Prahy Agence R!!glonaie GREECE 
Tel 899341 74, AII~e de la Robertsau Kostas Karayannls 
Tele~ 121333 F·67oo0 Strasbourg 08. Omlrou Street 
Institute 01 Medical BIOniCS GR- Athens 133 Te! 188) 35 23 20:21 Tel 3237731 Vyskumny Uslav Lekarske! Blomky Telex 890141 Cable RAKAR Athens Jedlova 6 Cable HEWPACK STRBG Telex 215962 rkar gr CS-B8346 Bratl.l.va~Kramare Hewlett-Packard France Tel 44-551145-541 A~~!(JCOI °G1y 

Papathanass10u & Co Agence Reglonale 
OOR Centre Vauban Mafnt 17 
Entwlcklungslaoor der TU Dresden 201 rue Colbert GR Athen~ 103 
60d~~~~ggsmstltut Memsberg Entree A2 Tel 5221915 F-59000 Lille Cable iNTEKNIKA Athens 

WaklhelmfMein.berg Tel (20) 514414 
Te!e~ 21 5329 INTE GR 

Tel 37667 Telex 820744 
Medical Only' Telex 112145 Hewlett Packard France Technomed He!las Ltd 

Export Contact AG Zueflch Centre d Affalres Pam;·Nord 52.Skooufa Street 
Guenther Forgber Batlment Ampere GR - Athens 135 
Schlegelslrasse 15 Rue de La Commune de Pans Tel 3626972.3633830 
1040 Berlin B p 300 

Cable ET ALAK athens 
Tel 42-74-12 F-93153 Le Blanc Mesnil C&dex 
Telex 111889 Tel {Ol) 9318850 Telex 21-4693 ETAl GR 

DENMARK GERMAN FEDERAL 
HUNGARY 
MTA 

Hewlett-packard AJS REPUBLIC MusZertigYI es M~restechnjkaj 
flatavej52 

Hewlett~Packard GmbH SlOlgalata 
DK-3460 81rkered 

Vertnebszentrale Frankfurt Lenm Krt 67 
Tel (O2) 816640 

Bernerstrasse 117 1391 Budapest VI 
Cable HEWPACI< AS 

Posttach 560 140 Tel 420338 
Telex 37409 hpas dk 

0-6000 Frankfurt 56 Telex 225114 
Hewletf.?ackard AIS 

~~~g6ci6 kilkeborg 

Tel (0611) 50 04-1 ICELAND 
Cable HEWPACKSA Frankfurt Medical Only 

Tel (06) 82 71 66 Tel (o611) 5004-' Eldmg Tradmg Company Inc 
Telex 37409 hpas dk Cable HEWPACKSA Frankfurt Hafnart1voli Tryggvatotu 
Cable HEWPACK AS Telex 04 13249 hptfmd IS-Reykjavik 

Hewlett-Packard GmbH Tell 5820 
FINLAND Techmsches Buero Boblmgen Cable ELDING ReykjaVik 
Hewlett-Packard OV H-errenbergerstrasse 110 

IRAN Nahkahousuntle 5 ~~:O\~~O~~b::srr,n, Wurttemberg PO Box6 Hewlett-Packard Iran Ltd 
SF-00211 Helsinki 21 Cable HEPAK B6bhngen No 13. FourteenthSt 
Tel (OO) 6923031 Telex 07265739 bbn Mlfemad Avenue 
Cable HEWPACKOY HelSinki Hewlett-Packard GmbH 

POBox 4112419 
Tel!!;.,: 12-1563 HEWPA Sf lA-Tehran 

Technlsches Buem Ousseldorf Tel 851082-7 
FRANCE Emanuel~Leutze~Str 1 (Seestern) Telex 212574 khrm If 
Hewlett-Packard France 0-4000 Dusseldorf 11 
Quartler de Courtaboeul Tel (O2l1) 59711 IRAQ 
BOlte Postale No 6 Tele~ 085/86533 hpdd d Hewlett-Packard trading Co 
F-91401 Or.ay Ceoex Hewlett-Packard GmbH 411/8 Mansoor City 
Tel (1) 907 78 25 Techmsches Buero Hamburg Baghdad 
Cable HEWPACK Orsay Wendenstrasse23 Tel. 5517827 
Tele~ 600048 ~~fO{~J1~~~~r~3 1 ~:~l~ ~~5~;:S~~iQ. Ik 
Hewlett-Packard France 
Agency R~lonale Cable H~WPACKSA Hamburg Baghdad Iraq 

'Le SaQUln' Tele~ 21 63032 hphh d IRELAND 
Chemm des MoUlHes Hewlett-Packard GmbH Hewlett-Packard ltd 
B P 162 Techmsches Buero Hannover Kmg Street lane 
F·59130 Ecully Am Grossmarkt 6 GB-Wlnner.h,Woklngham 
Tel (78) 33 8125. 0-3000 Hannover 91 BerkS, AG11 5AR 
Cable HEWPACK Eculy Tel (0511) 46 60 01 Tel (0734) 78 47 74 
Telex 310617 Telex 092 3259 Telex 847178/848179 

HAWAII 

~:i~'~r~:~_6165 2875 So King Street 
Honolulu 96814 

646 W North Market Blvd Tel (B08) 955-4455 
ALABAMA 

Sacramento 95834 Telex 723-705 
8290 Whitesburg Or Sf Tel (916) 929-7222 POBox 420l ILLINOIS 
Huntsville 35802 960fi Aero Drwe 5201 Tollvlew Dr 
Tel (205) 881-4591 P 0 Bo~ 23333 Roiling meadows 60008 

MedIcal Only San Diego 92123 Tel (312) 255~9800 
Tel (714) 279-3200 TWX 910"687-2260 228 W Valley Ave 

Room 220 COLORADO INDIANA 

r:rrrJ~~)~4~-i5~~~ 5600 South Ulster Parkway 7301 North Shadeland Ave 
Englewood 80110 ~~~1(3~f~I~~~6° ARIZONA Tej (303] 771·3455 

2336 E Magnollil SI CONNECTICUT 
TWX 810-260~1797 

Phoenix 85034 12 lunar Drive IOWA 
Tel (602) 244·1361 New Haven 06525 2415 Hemz Road 
2424 East Aragon Rd Tel (203) 389-5551 Iowa City 52240 
Tucson 85706 TWX 710-465-?'029 Tel (319) 338-9466 
fel (602) 294-3148 

FLORIDA KENTUCKY 
"ARKANSAS POBox 24210 MedlcaiOnly 
Medical SerVice Only 2806 W Oakland Park Blvd Atkmson Square 
POBox 5646 FL Lauderdale 33311 3901 Atkmson Dr 

SUite 407 AtklDsor'i Square Brady StatIOn Tel (305) 731·2020 
UUle Rock 72215 • Jacksonville 

Louisville 40218 
Tel (501) 375~1844 

~e~dlr9~4~e3~lg:O~~~ 
Tel (502) 456-1573 

LOUISIANA CALIFORNIA 
1430 East Orangethorpe Ave P a Box 13910 POBox 840 
Fullerton 9?631 6'177 Lake Ellenor Dr 3229"39 WIlliams Boulevard 
Tel (714\ 870-1000 Orlando 32809 Kenner 7Q063 

3939 Lankershlm Boulevard Tel (305) 859-?OO0 Tel (504) 443-6201 

~e~~~ 1 ~~~I-rr~~ 9 1604 
P 0 Bo~ 12826 MARYLAND 
PensaCola 32575 6707 Whitestone Road 

TWX 910-499-2671 Tel (904) 476-8422 Baltimore 21207 
5400 West Rosecrans Blvd Tel (301) 944-5400 

GEORGIA TWX 710-862·9157 P a Box 92105 P a Box 105005 
World Way Postal Center Atlanta 30348 2 Choke Chefry Road 

}~s (:l~~~ljo~ f50J0
09 Tel (404) 955·1:'00 Rockville 20850 

TWX 810· 766-4890 Tel (301\ 948-6370 
• Los Angeles Medical Service Only TWX 716~828-9684 

Tel 1213\ 776· 7500 ~ :u?4~~~a 7~~~~92 MASSACHUSETIS 
3003 Scott Boulevard 32 Hartwell Ave 
Santa Clara 95050 PO Bo;.,: 2103 t:x:~~f86~~~~~0 Tel (408) 749-7000 Warner Robins 31098 
TWX 910-338-0518 Tel (912) 922-0449 TWX 710-326-6904 

ITALY 
Hewlett·Packard 
Via Amengo Vespuw 
Casella pastale 3545 
1-20100 Milano 

SpA 

Tel (2) 5251 no lines) 
Cable HEWPACKIT Milano 
Telex 32046 
Hewlett-Packard I!aliana S D A 
Via Pietro Maroncelli 40 
(ang Via Visentin) 
1-35100 Padova 
Tel (49) 66 48 88 
Telex 41612 Hewpackl 

SpA 

'" Hewlett~Packard Itilhana S D A 
Via G Armelllnl10 
1-00143 Roma 
Tel (06) 54 69 6! 
Telex 61514 
Cable HEWPACKlT Roma 
Hewlett~Packard Italiana SpA 
Corso Giovanni Lanza 
1·1031 Torino 
Tel iOll) 682245:659308 
Medical/Calculators Only 
Hewlett-Packard Jtaliana SpA 
Via Pnnclpe Nicola 43 G'C 
1-95126 Catania 
Tel (095) 370504 
Hewletl~Packard p A 
Via Amerigo VespuCCI 
1-80142 Napoli 
Tel (081) 33 77 11 
Hewlett-PaCkard Italiana SpA 
Via E Masl,9 18 

~:!OiE~1~~~'18":7 
KUWAIT 
AI"Khaldlya Tradmg &: 

P 8oBt~~~j~8_~~f1 
Kuwait 
Tel 424910-411726 

2~'~~ ti~td~tEf kt 

LUXEMBURG 
Hewlett-Packard Benelux 
S A iN V 
Avenue du Col-Vert. 1 
(Groenkraaglaan) 
S-1170 Brussels 
Tel {02) 672 22 40 
Cable PALOBEN Brussels 
Telex 23494 

MOROCCO 
Gerep 
190, Blvd Brahlm Roudanl 
Casablanca 
Tel 25-16-76/25-90-99 
Cable Gerep-Casa 
Tele)( 23739 

NETHERLANDS 
Hewjett~Packafd BenelUl( N V 
Van Heuven Goedhartlaan 121 
POBox 667 
NL-l134 Amatelveen 
T,' (020) 47 20 21 
Cable PALOBEN Amsterdam 
Telex 13216 hepa n) 

NORWAY 
Hew!en·Packard Norge A/S 
Nesvelen 13 
Box 149 
N-1344 Haslum 
T" (02) 53 83 60 
Telex 16621 hpnas n 

MICHIGAN 
23855 Reseilrch Drive 

f~r~if3f~f6_~~~ 48024 

724 West Centre Ave 
Kalamazoo 49002 
Tel (606) 323-8362 

MINNESOTA 
2400 N Pnor Ave 
St. Paul 55113 
Te! (612) 636-0700 

MISSISSIPPI 
'Jackson 

~e~dl(~~1~e~~li:9~g~ 
MISSOURI 
11131 Colorado Ave 

~e~n!~~6) ~iJ!_roJ57 
TWX 910-771-2087 
1024 E~ecutlve Parkway 
St. Louis 63141 
Tel (314) 878-0200 

NEBRASKA 

~j~I~~r~nlAoad 
SUite 110 
Omaha 68106 
Tel (402) 392"0948 

NEW JERSEY 
W 120 Century Rd 
Paramus 07652 

i~~P?116_~~~~~~ 
Crystal Brook ProfesSlQnal 

BUlldlfig 
Eatontown 07724 
Te! {20n 542-1384 

NEW MEXICO 
P a Box 11634 
StatIOn E-
11300 Lomas Blvd N' 
Albuquerque 87123 

i~xi58n_~~~~~;~~ 

POLAND 
BIUfO InlormacjI Technlcznel 
Hewlett-Packard 
Ul Stawkl 2 fip 
00-950Warszawa 
Tel 395962395187 
Tele~ 81 24 53 hepa Di 

RUMANIA 
Hewlett ?ackard Reprezen!anla 
Bd N Balcescu 16 
Bucharest 
Tel 158023.'138885 
Tele~ 1()44() 
I j R U C 
lntreprmderea Pentru 

Intretmerea 
SI Rep3mea Utllalelor de 
B-dul prof Dlmltrle Pompei 
Buchare.st-$ectoful 2 
Tel 126430 
Telex 11716 

SAUDI ARABIA 
Modem ElectrorliC Establishment 
Kmg Abdul Am sIr (Head office] 
POBox 1228 
Jeddah 
Tel 31173-332201 
Cable ELECTRA 
POBox 2728 (Service cllliten 
Riyadh 
Tel 62596-66232 
Cable RAOUFCO 

SPAIN 
Hewlett-Packard Es.panola S A 
Jerez. Ca!le 3 
E-Madrid 16 
Tel n) 458 26 00 (10 hnes) 
Telex 23515 hpe 
Hewlett-Packard Espanola. S A 
MI!anesado 21-23 
E-Barcelona 17 
Tel (3) 203 6200 (5 !Ifles) 
Telex 52603 hpbe e 
Hewlett-Packard Espanola S A 
Av Ramdn y Calal 1 
Ed!flCIO SeVilla planta g 
E-Seville 5 
Tel 644454;58 

~~!~~~~-:~~~atld lS8anOIa S A 
E·Bilbao-1 
Tel 23 83 06/23 82 06 
Calculators Only 
Hewlett-Packard Espanola S A 
Gran Via Fernando EI Caldhco 67 
E· Valencia-8 
Tel 3266728"3268555 

156 Wyatt Drive 
Las Cruces 88001 
Tel (505) 526"2484 
TWX 910-9983-0550 

NEW YORK 
6 AutomatIOn Lane 
Computer Park 

~lb~~r8: ~~~~ 1550 
201 South Avenue 

f~u(~~~~~:i;3j6601 
TWX 510-253·5981 
650 Pennton HIli Ottlce Park 

~:irN~~ 1t~~~950 
5858 East MOHoy Road 
Syracuse 13211 
Tel (315) 454~2486 
1WX 710-541-0482 
1 Crossways Park West 

r:1~~1~~r12i !rijrio 
TWX 710~99{)·495t 

NORTH CAROLINA 
POBox 5188 
1923 North Main Street 
High Point 27262 
Tel (9191885·8101 

OHIO 
16500 Sprague Road 
Cleveland 44130 
Tel (216) 243-7300 
TWX 810·423-9430 

SWITZERLAND 
Hewlett-Packard ISchweln AG 
Zurcherstrasse 20 
POBox 307 
CH-8%2 Schlieren-Zurich 
Tel (01) 730 52 40 7301821 
Cable HPAG CH 
Telex 539:~3 hpag C!l 

SYRIA 
MedlcalCalcuiator only 
Sdwah & Co 
Place Azme 
8 P 2308 
SYR-Damascus 
Tel 15367, 1969"1 14268 
Cable SAWAH, DilmasCll5 

TURKEY 
TelekOfn Englfleenng Bureau 
PO Bo)( 437 
Beyoalu 
rR~lstanbul 
Tel 494040 
Cable fEtEMATION Istanbul 
Telex 23609 
Medical only 
EMA 
Muhendlsilk Kollek111 Slrke!1 
Adakale Sokak 416 
TR"Ankara 
Tel 175622 
Analytical only 
Yllmaz Ozyurek 
Mill! Mudafaa Cad No 16/6 
Kllllay 
TR-Ankara 
Tel 250309 
Telex 42576 ozek Ir 

UNITED KINGDOM 
Hewlett·Packard Ltd 
Kmg Street Lane 
GB· Winnersh. Wokmgham 
Berks RG 11 5AR 
Tel (07341784774 
Cable Hewpte london 
felex 847178/9 

Hewlett-Packard Ltd 
Trafalgar House 
NaVigatIOn Road 
Altrincham 
Ches-hlle WAi4 lNU 
Tel (061) 928 6422 
Telex 668068 

Hewlett-Packard Ltd 
Lygon Court 
Hereward Rise 
Dudley Road 
Halesowen 
West Midlands 862 850 
Tel (021) 5509911 
Telex 339105 

OKLAHOMA 
POBox 32008 
Oklahoma City 73132 
Tel (405) 721-0200 

OREGON 
17890 SW Lower Boones 

Ferry Road 
Tualatin 97062 
Tel (503) 620·3350 

PENNSYLVANIA 
111 Zela Dnve 
Pittsburgh 15238 
Tel (412\ 782-0400 
1021 8th Avenue 
Kmg 01 Prussia Industrial Park 
King of Prussia 19406 
Tel (215) 265-7000 
TWX 51O~660·2570 

SOUTH CAROLINA 
6941-0 ~ Trenholm Road 
Columbia 29260 
Tel 1803) 782-6493 

TENNESSEE 
'Knoxville 
Medical SerVice only 
Tel {615IS23-5022 

3027 Vanguanj Dr 
Director S Plaza 

~~~~~ilS 3~~~ ~j 70 

Nashville 
Medical Service only 
Tel r61S1 244 ~448 

TEXAS 
POBox 1270 
(01 f ArapallO Rd 
Richardson 7~O80 
Tel 12141231.6101 

1)( 39 

YUGOSLAVIA 
ISkra-Standard Hewlett-Packard 
Mlkloslceva 38 VII 
61000 Ljubljana 
Telb 31587932 if) 74 
Tele~ 3158:, 

SOCIALIST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard Ges '11 b H 
P 0 Bo~ 7 
A-1205 Vienna, Austna 
1el W222) 3516 21 to 27 
Cable HEWPAK Vlfmna 
Telex 75923 hewpak a 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE CONTACT: 
Hewlett-Packard S A 
Mediterranean and Middle 
East Operations 
35, KOiokolrOni Street 
Platla Kelallanou 
GR-Klflssla· Athens. Greece 
Tel 8080337'3591429 
Telex 21-6588 
Cable HEWPACK$A Athens 

FOR OTHER AREAS 
NOT LISTED CONTACT 
Hewlett-Packard S A 
7 rue du BOls-du-Lan 
POBox 
CH·1217 Meyrm 2 Geneva 
SWitzerland 
Tel (Q22) 82 70 GO 
Cable HEWPACKSA Geneva 
Telex 22486 

10535 HarWln 01 
Houston 77036 
Tel {713) 776-6400 
205 Billy Mitchell Road 
San Antonio 78226 
Tf'l (512) 434-8241 

UTAH 
2160 South 3270 West Streel 
Salt Lake City 84119 
Tel (80n 972·4711 

VIRGINA 
p a Bo~ 12778 
No 7 Koger Exec Genii\! 
SUite 212 
Norfolk 23502 
Tel (804) 461-4025'6 
POBox: 9669 

~~~~~~n~~rb~i~ngs Road 
Tei IR04) 285·3431 

WASHINGTON 
Belief wid Office Pk 
1203·114!h Ave S E 
Belle .... ue 98004 
Tel (20S) 454·3971 
TWX 910,443-2446 

'WEST VIRGINIA 
Medical Analvtica! Only 
Charleston 
Tel {3041345-1640 

WISCONSIN 
9004 West llllcolll Ave 
West Allis S3227 
Tp.1 14141 541-0~5D 

'Senflce Only 

Meadows 
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Cable Length 1 Input Timing Diagrams 8 
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Troubleshooting and Repair 25 
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ERROR MESSAGES 

Number or result exceeds calculating range. 

Peripheral device or interface not connected. 

Improper step address or storage register specified. 

The number of data blocks exceeds the number of aSSigned 
registers or the range of an instruction has been exceeded. 

Program instruction, storage register assignment, or program 
loaded from tape exceeds available memory. 

More than seven subroutines (including special functions) 
nested at a time. 

Special function just called is not defined. 

FIX SCI SCI 3 

Incorrect use of 0 Q Q ~ [}[.J GJ 0 or 8 GOO FOR NEXT If 

Program or data loaded into calculator not identical to that in 
file; this usually indicates a dirty tape head or a worn tape. 

Program or data in file not identical to that in calculator. 

Attempting to load an empty, extra, or binary file; recording on 
an extra file . 

End of tape reached during MARK operation. Also indicates a 
broken or defective tape; if the tape does not appear to be 
broken, (advance it using the drive wheel), replace the car­
tridge, press 8 , and continue. 

The cartridge RECORD slide is positioned to prevent MARK 
and RECORD operations. 

Attempting to list, edit, or record a secured program. 

'These messages are suppressable; see "Flags" in Section 3 of the calculator operating manual. 
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