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This manual is provided as an aid for design engineers and 
programmers to design and program special-purpose in­
terfaces for the HP 21MX M-Series and HP 21MX 
E-Series Computers. The content of this manual is pre­
sented as a supplement to the HP 21 MX Computer Series 
Reference Manual and to the HP 21MX E-Series Computer 
Operating and Reference Manual and the user should 
therefore have a thorough understanding of the applicable 
reference manual contents prior to reading this manual. It 
is also suggested that the user read this manual in its 
entirety and become completely acquainted with its con­
tents before attempting to use the information presented 
in any one particular section. 

1-1. INTRODUCTION TO INTERFACING 

Interfacing a peripheral device with HP 21MX M- and 
E-Series Computers involves both hardware and software. 
Except for the Microprogrammable Processor Port (MPP) 
interfacing discussed in Section VI, the hardware inter­
face is accomplished by inserting one or more interface 
printed-circuit assemblies (PCA's) into easily accessible 
input/output (1/0) slots in the computer and connecting a 
cable between the interface PCA(s) and the peripheral 
device. As discussed in Section III, the computer provides 
a unique channel identification and service priority inter­
rupt for every 1/0 channel used. Priority levels for the 
peripheral devices connected to the computer can be reas­
signed by simply changing the position of the interface 
PCA's in the computer 1/0 slots. (Specifications for 
1/0-type interface PCA's are discussed in Section V.) The 
software interface is accomplished by updating the 
existing computer 1/0 software system which may neces­
sitate creating a new peripheral device driver. 

1-2. HP 21 MX M-SERIES AND E-SERIES 
BASIC FEATURES AND 
DIFFERENCES 

The HP 2 lMX M-Series and E-Series are micropro­
grammable, high-performance computers. The HP 21MX 
E-Series Computers (HP 2109 and HP 2113) are enhanced 
versions of the HP 21MX M-Series Computers (HP 2105, 
HP 2108, and HP 2112) featuring faster system cycle and 
instruction execution times, faster 1/0 transfer rates, and 
increased microprogram routine efficiency. Pertinent in­
terfacing specifications for the computers are contained in 
table 1-1. For more detailed specifications, refer to the 
applicable reference manuals listed in paragraph 1-5. A 
discussion of control processor and 1/0 section timing for 
the computers is contained in Section IV. 

llUllM11I INTRODUCTION! 1 I 

The 1/0 systems for the HP 21MX M- and E-Series Com­
puters are generally compatible with each other. Indi­
vidual differences between the 1/0 systems are discussed 
throughout this manual. The computer 1/0 system fea­
tures a multilevel, vectored priority interrupt structure. 
There are 60 distinct interrupt levels, each of which has a 
unique priority assignment. Any 1/0 device can be selec­
tively enabled or disabled, or the entire interrupt system 
(except for power fail and parity error interrupts) can be 
enabled or disabled under program control. (Refer to Sec­
tion Ill.) The HP 2105 computer has four 1/0 channels in 
its mainframe; the HP 2108 and HP 2109 computers have 
nine; and the HP 2112 and HP 2113 have 14. The number 
of available 1/0 channels for the HP 21MX M-Series com­
puter can be increased by adding one or two HP 12979 1/0 
Extenders that provide 16 additional 1/0 channels each. 
All 1/0 channels are fully powered, buffered, and 
bidirectional. 

Data transfers between HP 21MX M- or E-Series Com­
puters and 1/0 devices can take place under program con­
trol or, for faster transfer rates, under Dual- Channel Port 
Controller (DCPC) control. The DCPC provides two direct 
links between computer memory and 1/0 devices and is 
program assignable to any two devices. DCPC data trans­
fers occur on an 1/0 cycle-stealing basis and are indepen­
dent of the 1/0 priority structure. For applications where 
even faster transfer rates are desirable, the HP 21MX 
E-Series Computers have special microprogrammed 1/0 
capabilities that are discussed in Section VI. 

1-3. USER INTERFACE REQUIRE­
MENTS 

This manual assumes that the user wishes to interface a 
device which is not a standard peripheral supplied by 
Hewlett-Packard along with its software 1/0 driver sub­
routine. Therefore, two objectives must be accomplished: 
some sort of general-purpose or special 1/0 interface PCA 
must be selected to plug into the computer and accept the 
device interface cable, and 1/0 software must be confi­
gured so that the computer can control the device. There 
are several possible methods of accomplishing these objec­
tives. For hardware, the methods range from using avail­
able HP general-purpose interface PCA's to designing and 
building special interface PCA's from the drawingboard 
level. For software, writing a short assembly-language 
subroutine may suffice, or full Basic Control System 
(BCS), Real-Time Executive (RTE) system, or Disc 
Operating System (DOS) drivers may have to be written. 
For software development information, refer to the appli­
cable software system documentation listed in table 1-2. 
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Table 1-1. HP 21MX M- and E-Series Computers Interface Specifications 

1-2 

FEATURE 

MAX. MAINFRAME MEMORY SIZE: 
(Optional HP 12990A Memory Extender adds space 
and power for additional 144K.) 

WORD SIZE: 

SYSTEM CYCLE TIME (nS): 

INPUT/OUTPUT INSTRUCTION GROUP 
EXECUTION TIME (µ,S): 

(Depends on which 1/0 time period the instruction 
begins; T2, T3, T4, TS, or T6.) 

*INTERRUPT LATENCY (µ,S): 

DUAL-CHANNEL PORT CONTROLLER 

Number of Channels: 

Word Size: 

Maximum Block Size: 

Maximum Input Transfer Rate (Words/Second): 

Maximum Output Transfer Rate (Words/Second): 

** DCPC LATENCY (Channel 1) 

Input Latency Time (µ,S): 

Output Latency Time (µ,S): 

MICROPROGRAMMABLE BLOCK 1/0 TRANSFERS 
(HP 21 MX E-Series Only) 

Input (256 words or less): 

Output (256 words or less): 

MICROPROGRAMMABLE PROCESSOR PORT (MPP) 
1/0 TRANSFERS 
(HP 21 MX E-Series Only) 

Burst (16 words or less): 

Continuous: 

HP 21MX M-SERIES 

HP 2105 to 32K 
HP 21 OB to BOK 
HP 2112 to 160K 

16 bits 

650 

2.59 to 3.B9 

B5 (max.) 

2 

16 bits 

32,76B words 

616,666 

616,666 

Worst Case: 2.93 
Typical: 2.22 

Worst Case: 3.25 
Typical: 2.54 

CAPABILITY 

HP 21MX E-SERIES 

HP 2109 to BOK 
HP 211 3 to 1 60K 

16 bits 

560 

1.5B to 2.66 

45 (max.) 

2 

16 bits 

32, 76B words 

1,000,000 

Without OMS: B90,000 
With OMS: B60,000 

Worst Case with OMS: 3.22 
Typical with OMS: 1.7B 
Worst Case without OMS: 3.05 
Typical without OMS: 1.6B 

Worst Case with OMS: 3.395 
Typical without OMS: 1.B55 
Worst Case without OMS: 3.225 
Typical with OMS: 1.960 

1.59M words/sec (maximum) 

1.36M words/sec (maximum) 

5. 7M words/sec (maximum) 

1.59M words/sec (maximum) 
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Table 1-1. HP 21MX M- and E-Series Computers Interface Specifications (Continued) 

MAXIMUM CURRENT AVAILABLE FOR MEMORY, ACCESSORIES, AND 1/0 CARDS 

SUPPLY VOLTAGE 2105A 2108A 2109A 2112A 2113A 

+5V 12.BA 24.BA 24.6A 38.2A 38.0A 

-2V 1.5A 4.5A 4.5A 9.5 9.5 

+12V 1.0A 1.5A 1.5A 3.0A 3.0A 

-12V 1.0A 1.5A 1.5A 3.0A 3.0A 

NOTES: * Interrupt latency is defined as the time interval between the generation of an Interrupt Request (IRQ) signal by 
an 1/0 device and entry into the service routine. 

** DCPC latency is defined as the time interval between the generation of a Service Request (SRQ) signal by an 
1/0 device through the initiation of a DCPC channel 1 cycle to the actual completion of the 1/0 data transfer to or 
from the 1/0 interlace PCA. 

1-4. LEVELS OF HARDWARE 
INTERFACING 

For purposes of this manual, the approaches to interfacing 
break down into three levels: Level 1 - Using HP 
General-Purpose Interface PCA's, Level 2 - Party-Line 
1/0, and Level 3 - Fabricating Interface PCA's. 

Level 1 assumes that the specifications of off-the-shelf HP 
general-purpose interface PCA's are satisfactory to oper­
ate your device. These interface PCA's cover a wide range 
of applicability: receiving or transmitting signals with 
characteristics suitable for microcircuits, transistors, or 
relays. Appendix A of this manual contains a condensed, 
general description of the general-purpose interface kits 
available from Hewlett-Packard as of this printing. A data 
sheet providing the features, specifications, and a list of 
product support documentation and software either 
supplied with or available for the applicable interface kit 
is available at your nearest Hewlett-Packard Sales and 
Service Office. (A list of Sales and Service Offices is pro­
vided at the back of this manual). Economics in design and 
manufacture can frequently be achieved by using these 
general-purpose interfaces. If a large number of devices, or 
devices of a special type are required to be serviced by the 
computer, or if exceptionally fast transfer rates are de­
sired, Level 2 or Level 3 may have to be considered. 

Level 2 provides a party-line method of servicing a large 
number of I/O devices. The number of devices serviceable 
by party-line I/O is dependent on the addressing word 

format you choose. Assuming seven bits are used for com­
mand and status information, eight bits would be left to 
address 256 devices. (One bit must be reserved for indirect 
addressing.) This is a typical example, but the quantity 
limit can vary by factors of the powers of two (128, 256, 
512, etc.). A detailed discussion of party-line 1/0 is con­
tained in Section VI. 

Level 3 is the most basic level; designing and building an 
interface PCA that will permit the computer to service 
special-type devices or, for the HP 21MX E-Series Com­
puters only, an interface that permits the faster micro­
programmed 1/0 capabilities. Hewlett-Packard can fur­
nish a breadboard interface PCA with the Flag and Con­
trol logic required by the computer's 1/0 section to facili­
tate these procedures. Refer to Sections V and VI for more 
detailed information. It should be noted that the HP 21MX 
E-Series Computer has provisions for two types of micro­
programmed I/O data transfers: transfers via a block I/O 
interface PCA connected to the 1/0 Section and transfers 
via an interface PCA connected to the Micropro­
grammable Processor Port (MPP). As an aid toward de­
termining whether block I/O or MPP transfers are best for 
your particular application, the following features and 
limitations should be considered. Generally, MPP trans­
fers are easier to microprogram and provide faster data 
transfer rates. Block I/O transfers are more difficult to 
microprogram because the microcode must be written to 
simulate I/O instructions and the data transfer rates are 
slower because the I/O control instructions must be syn­
chronized to 1/0 Section timing. The MPP is totally inde­
pendent of the 1/0 Section and, therefore, does not require 
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the use of an 1/0 Section connector slot or select code. Also, 
since MPP transfers are affected through bus drivers and 
receivers, the MPP has the capability of driving cables up 
to six feet (1.83 meters) in length. Conversely, block 1/0 
transfers do require the use of an 1/0 Section connect~r 
slot and do require a select code. Therefore, block 1/0 
transfers can be used to combine the speed of micropro­
grammed 1/0 transfers with the capabilities of the inter­
rupt system discussed in Section III. The MPP has no 
interrupt capability. Therefore, the computer must deter­
mine when the 1/0 device requires service by polling the 
device in the microprogram and then initiating the re­
quired data transfer. Refer to Section VI for more detailed 
information. 

At all levels, the user should keep in mind that Hewlett­
Packard warranties and responsibilities apply only to 
those items produced and quality controlled by Hewlett­
Packard. This manual is intended as a guide only, and the 
effectiveness of devices or programs created according to 
the recommendations outlined herein are purely the re­
sponsibility of the user. 

1-5. AVAILABLE DOCUMENTATION 

Supporting hardware documentation is provided with 
each Hewlett-Packard computer shipped to a customer. 
Hardware documentation is also supplied for optional and 
accessory add-ons as well as for off-the-shelf 1/0 interface 
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PCA's. Basic hardware manuals for the HP 21MX M- and 
E-Series Computers are listed in table 1-2. Hardware 
manuals are also available for the 1/0 interface PCA's 
described in Appendix A of this manual. Consult your 
local Hewlett-Packard Sales and Service Office for addi­
tional hardware documentation related to the HP 21MX 
M- and E-Series Computers. If your computer was 
supplied as part of an HP computer system, a complete list 
of related hardware documentation is contained in the 
Manual and Software Record supplied with the system. 

All software supplied with any HP computer system is 
supported by complete user documentation. General types 
of software manuals include language manuals, operating 
system manuals, software operating procedures, user 
manuals, applications manuals, and small program 
manuals. The Manual and Software Record supplied with 
each system lists all software furnished with the original 
equipment and provides an index to the software 
documentation. Software and software documentation 
supplied with standard HP 1/0 interface PCA's are listed 
in the individual data sheets. Reference manuals that 
contain basic information for writing system software 
drivers are listed in table 1-2. Consult your local 
Hewlett-Packard Sales and Service Office for additional 
software documentation related to the HP 21MX M- and 
E-Series Computers. 

A complete list of microprogramming manuals available 
for the 21MX M- and E-Series Computers is contained in 
table 1-2. 
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Table 1-2. 1/0 Interface Related Reference Manuals 

TITLE HP PART NUMBER 

HARDWARE 

HP 21 MX Computer Series Reference Manual 02108-90002 

HP 21MX Computer Series Operator's Manual 021 08-90004 

HP 21MX Computer Series Installation and Service Manual 02108-90006 

HP 21 MX £-Series Computer Operating and Reference Manual 02109-90001 

HP 21 MX £-Series Computer Installation and Service Manual 021 09-90002 

MICROPROGRAMMING 

HP 21 MX M-Series Computer BCS and DOS Microprogramming Reference Manual 021 08-90008 

HP 21 MX M-Series Computer RTE Microprogramming Reference Manual 021 08-90032 

HP 21 MX £-Series Computer Microprogramming Reference Manual 02109-90004 

SOFTWARE 

Basic Control System 021, 6-9017 

DOS-Ill Data Communications Drivers Reference Manual 24307-90012 

DOS-I/I Standard Drivers Reference Manual 24307-90073 

HP 243078/C DOS-II/ Disc Operating System Reference Manual 24307-90006 

Real-Time Executive Operating· System Drivers and Device Subroutines 92200-93005 

RTE-II Programming and Operating Manual 92001-93001 

RTE-Ill Programming and Operating Manual 92060-90004 

1-5/1-6 
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As an aid toward more successful I/O interface design, this 
section contains a general discussion of the HP 21MX M­
and E-Series Computer's operation and architecture. Un­
less otherwise specified, the contents of this section apply 
equally to the HP 21MX M-Series and HP 21MX E- Series 
Computers. 

2-1. COMPUTER OVERVIEW 

As shown in figure 2-1, the computer functionally consists 
of four major sections: a Control Processor Section, Main 
Memory Section, I/O Section, and Arithmetic/Logic Sec­
tion. These four sections and the computer's Operator 
Panel are interconnected by a network of signal paths. 
Data processing programs and data are stored in the Main 
Memory Section. Parameters, status, commands, and 
computer results (data) are exchanged with external 
peripherals via the I/O Section. Mathematical functions 
such as add, subtract, and multiply and logical functions 
such as "and", "or", and shift are performed by the 
Arithmetic/Logic Section. The Operator Panel registers 
and switches provide direct operator communication. Each 
section operates under direction of the Control Processor 
Section by means of a microprogram. The Control Pro­
cessor Section interprets the user's program stored in the 
Main Memory Section and directs the appropriate 
hardware in each of the other sections to perform the 
required operations. Control commands (or microinstruc­
tions) spell out which signal paths the data is to follow and 
what modifications or tests are to be performed. 

Control and data paths between the computer's major sec­
tions and add-on accessories are provided by a bus system. 
The structure of the bus system is shown in figure 2-2 
which illustrates the main communication paths between 
major computer sections and accessories. The S-bus is a 
16-bit, tri-state, TTL-compatible bus and is the major data 
transfer bus in the computer. The T-bus is a 16-bit, bi­
state, TTL-compatible bus. The T- bus is a resultant data 
bus and is completely internal to the Arithmetic/Logic 
Section. The M-bus is a 16-bit, tri-state, TTL-compatible 
bus. The M-bus holds the address to be referenced by 
memory and is driven by either the Arithmetic/Logic Sec­
tion M-register or the DCPC address registers. The 
ME-bus is a 10-bit, tri-state, TTL-compatible bus. The 
ME-bus holds the upper-ten bits of the expanded memory 
address and is driven by the Memory Expansion Module. 
For interfacing, the select code bus, interrupt address bus, 
and I/O bus are of prime importance. The select code bus is 
a 6-bit, CTL-compatible, control bus. The select code bus 
holds the select code for the I/O device being referenced by 
either the I/O Section or DCPC. The interrupt address bus 
is a 6-bit, open-collector, TTL-compatible control bus. The 
interrupt address bus holds the select code of any 
interrupt-requesting 1/0 interface PCA. The I/O bus is a 
16-bit, bi-directional, CTL-compatible, data communica­
tion bus for the 1/0 Section. All plug-in 1/0 interface PCA's 
transmit and receive data via the 1/0 bus. A more detailed 
discussion of the three VO-related buses is contained in 
Sections III and IV of this manual. Block diagrams of the 
HP 21MX M-Series and HP 21MX E-Series Computers are 
contained in figures 2-3 and 2-4, respectively at the end of 
this section. 
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Figure 2-2. Computer Functional Block Diagram 

2-2. CONTROL PROCESSOR SECTION 

The Control Processor Section is the heart of the computer 
and contains the registers, control logic, control memory, 
and timing logic required to execute microprograms and 
fetch and execute programs stored in the Main Memory 
Section. This section initializes and controls, either di­
rectly or indirectly, the other computer sections. The 
primary tasks of the Control Processor Section are as 
follows: 

a. Control the execution sequence of computer 
microprograms. 

b. Decode microinstruction fields. 

c. Control the computer data manipulations. 

d. Initiate I/O signal sequences. 

e. Control the Operator Panel. 

f. Communicate with Memory Protect. 

g. Provide system timing for all other computer sections. 

2-2 

h. Provide control processor synchronization with mem­
ory and I/O timing as required. 

1. Provide effective execution of computer instructions. 

2-3. ARITHMETIC/LOGIC SECTION 

The Arithmetic/Logic Section contains all the computer's 
working registers and the necessary logic to perform 
arithmetic and logical operations on data. Resultant data 
is transferred between elements in this section via the 
T-bus. Data is transferred between this section and the 
rest of the computer via the S-bus. The primary tE!sks of 
the Arithmetic/Logic Section are as follows: 

a. Provide temporary register storage of memory data. 

b. Perform arithmetic and logical operations on data 
received from other computer registers and to modify 
and manipulate this data as instructed by the com­
puter program. 

c. Provide status indications of computed results as an 
operations aid (overflow, extend, and special flags). 
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2-4. MAIN MEMORY SECTION 

The Main Memory Section consists of a memory controller 
and one or more memory module boards with which the 
controller is designed to operate. The memory module 
boards contain semiconductor memory arrays that are 
switch selectable to various address spaces. The memory 
controller is the interface to and from the Main Memory 
Section and responds to read/write requests, generates 
proper timing and enabling signals for the memory mod­
ules, and controls memory refresh timing and addressing. 
The primary tasks of the Main Memory Section are as 
follows: 

a. Sustain memory data. Since dynamic semiconductor 
memory is used, the memory module boards must be 
refreshed to retain stored data. The memory control­
ler initiates and controls the refresh cycles to fit 
around read/write requests and Dual-Channel Port 
Controller (DCPC) cycles. 

b. Respond to read and write requests. The memory con­
troller generates the proper timing and enabling sig­
nals to perform read or write data transfers. The 
memory address is obtained from the M-bus and the 
addressed data is transferred on the S-bus. 

c. Inhibit memory cycles upon receipt of violation flags 
from the Memory Protect. (Memory cycles received 
from the DCPC are not inhibited.) 

Computer Characteristics 

2-5. 1/0 SECTION 

Except for the MPP CE-Series computers only), the I/O 
Section provides the hardware link for communication 
between the computer and all peripheral devices. (The 
MPP provides direct interfacing under microprogrammed 
control and is discussed in more detail in Section VI of this 
manual.) The I/O Section contains the I/O control and 
select code addressing logic, I/O bus control logic, inter­
rupt control logic, and I/O interface PCA slots required to 
carry out computer initiated transfer operations and I/O 
device interrupting transfer operations. (Refer to Section 
III.) The primary tasks of the I/O Section are as follows: 

a. Generate control signals for the I/O interface PCA's. 

b. Provide data and status paths for the I/O interface 
PC A's. 

c. Determine select codes of interrupting peripheral 
devices. 

d. Resolve interrupt request priority conflicts. 

e. Generate pending interrupt signals for the Control 
Section. 

f. Provide control interface signals for special computer 
accessories such as the DCPC, Memory Protect, etc. 

g. Provide communication lines for I/O extenders. 
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This section contains a general discussion of the HP 21MX 
M- and E-Series Computer 1/0 system. Unless otherwise 
specified, the contents of this section apply equally to the 
HP 21MX M-Series and HP 21MX E-Series Computers. 

3-1. PURPOSE 

The purpose of the I/O system is to transfer data between 
the computer and external peripheral devices. As shown 
in figure 3-1, data is normally transferred through the A­
or B-register. An input transfer of this type occurs in three 
distinct steps: (1) between the external device and its 
interface PCA in the computer, (2) between the interface 
PCA and the A- or B-register via the 1/0 bus and CPU, and 
(3) between the A- or B-register and memory via the S-bus 
and memory controller. This three-step process also 
applies to an output transfer except in reverse order. This 
type of transfer, which is executed under machine instruc­
tion program control, allows the computer logic to ma­
nipulate the data during the transfer process. 

As shown in figure 3-1, data may also be transferred 
automatically under control of the Dual-Channel Port 
Controller (DCPC). Once the DCPC has been initialized, 
no programming is involved and the transfer is reduced to 
a two-step process: (1) between the external device and its 
interface PCA in the computer and (2) between the inter­
face PCA and memory via the I/O bus, S-bus, and memory 
controller. The two DCPC channels are program assigna­
ble to operate with any two device interface PCA's. Since a 
DCPC transfer eliminates programmed loading and stor­
ing via the accumulators, the time involved is very short. 
Also, since DCPC operates on a cycle-stealing basis, in­
struction execution can occur concurrently with DCPC 
operation. Therefore, the DCPC is normally used with 
high-speed external devices capable of transferring data 
at the rates specified in table 1-1. Additional information 
on DCPC I/O transfers is contained in paragraph 3-25. 

Also shown in figure 3-1, data may be transferred under 
microprogram control in the HP 21MX E-Series Com­
puters. Two types of data transfer are available under 
microprogram control: transfer via a user-designed block 
I/O PCA connected to the I/O bus or via a user-designed 
interface PCA connected to the Microprogrammable Pro­
cessor Port (MPP). Design of the MPP permits external 
devices to be connected directly to the CPU and interfaced 
under microprogrammed control. For microprogrammed 
block I/O operations, an input transfer occurs in two steps: 
(1) between the external device and its interface PCA in 
the computer, and (2) between the interface PCA and 
memory via the I/O bus, S-bus, and memory controller. 
This two-step process also applies to an output transfer 
except in reverse order. For MPP I/O operations, an input 

transfer also occurs in two steps: (1) between the external 
device and its interface PCA and (2) between the interface 
PCA and memory via the MPP, S- bus, and memory con­
troller. This two step process also applies to an output 
transfer except in reverse order. Microprogrammed I/O 
operations can be used with exceptionally fast external 
devices capable of transferring data at the rates specified 
in table 1-1. Additional information on microprogrammed 
I/O transfers is contained in Section VI. 

3-2. 1/0 SECTION CONTROL 

3-3. GENERAL 

Functionally, the I/O Section allows the computer to select 
and communicate with each of the I/O device's associated 
interface PCA(s) through I/O control and address logic and 
through direct bus wiring. The structure of the I/O Section 
also provides a means by which 1/0 devices can interrupt 
the computer program in order to be serviced by the com­
puter. When more than one I/O device requests an inter­
rupt, the computer processes the requests on a priority 
basis. Figure 3-1 illustrates the main sections of the com­
puter concerned with the control of I/O operations All 
sections shown are contained in the computer mainframe 
except for the 1/0 devices. Although the S-bus is rep­
resented as a single line, it actually consists of 16 indi­
vidual hardwired lines. 

3-4. I/O CONTROL INSTRUCTIONS 

I/O instructions generate signals that are translated into 
appropriate control, flag, and select code signals. The con­
trol signals are used to enable the I/O interface PCA and 
the flag signals are used to monitor the status of the 
associated I/O device. The control and flag signals are 
routed to the various I/O interface PCA's as determined by 
the select code signals. The control and flag signals are 
used to set or clear the Control and Flag flip-flops on the 
interface PCA's and to test the flip-flop's set or clear 
states. Each I/O slot is permanently assigned to an indi­
vidual select code through the computer's hardware de­
sign. This allows the select code logic to individually ad­
dress each I/O interface PCA and its associated I/O device 
on a priority basis. 

3-5. I/O DATA TRANSFER 
INSTRUCTIONS 

Data transfer instructions initiate either an input or out­
put data transfer between the computer and an I/O device 
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by generating either an I/O Input (IOI) signal or an I/O 
Output (IOO) signal. The IOI signal strobes all interface 
PCA's for input data as a result of a Load Into A (LIA), 
Load Into B (LIB), Merge Into A (MIA), or Merge Into B 
(MIB) instruction. Only the data from the interface PCA 
addressed by the select code is enabled. The data is strobed 
by IOI into either the A- or B-register via the I/O bus and 
8-bus. The IOO signal is applied to the interface PCA's as 
a result of an Output From A (OT A) or Output From B 
(OTB) instruction. This signal, when combined with the 
appropriate select code signal, strobes data from either the 
A- or B-register into the addressed interface PCA via the 
S-bus and I/O bus. 

3-6. INTERRUPT REQUESTS 

If a specific instruction (STF 00) has previously enabled 
the interrupt system, an external I/O device can request 
an interrupt to the computer program at any time. (Refer 
to paragraph 3-10.) To request an interrupt, the I/O device 
applies an Interrupt Request (IRQ) signal to the computer 
via its interface PCA. The I/O Section determines the 
address of the interrupting device and causes an interrupt 
to the main computer program. The computer services the 
interrupt by setting the M-register to the memory location 
corresponding to the address or select code of the inter­
rupting device. (Memory locations corresponding to inter­
rupt addresses are commonly referred to as "trap cells".) 
Generally, the trap cell will contain a Jump to Subroutine 
Indirect (JSB,I) instruction to be executed. The subroutine 
accepts and/or prepares input data from the I/O device or 
applies output data from the computer to the I/O device. 
Upon completion of the service request, the subroutine 
causes a return to the proper location in the main com­
puter program. 

3-7. INTERFACE PCA'S 

The interface PCA's provide data transfer channels be­
tween the computer and the external I/O devices, and 
provide control (via computer commands) of the I/O de­
vice's operation. The interface PCA's usually contain flag 
and interrupt logic circuits and registers for temporary 
storage of data being transferred to or from the computer. 
Requirements for the use of the flag and interrupt logic 
circuits and the number of storage registers designed into 
the interface PCA depend on the type of I/O device to 
which it is connected. (Refer to Section V for a detailed 
discussion of interface PCA design.) 

3-8. 1/0 TIMING 

An I/O cycle is the time required to generate all I/O sig­
nals necessary to execute an I/O instruction. Each I/O 
cycle is divided into five T-periods designated T2, T3, T4, 
T5, and T6. The control processor provides the required 
gating signals for the.I/O signals resulting from decoded 
I/O instructions and interrupt requests. Timing of the I/O 
signals in relation to the I/O time periods is discussed in 
Section IV. Two I/O time period signals, Enable Flag 

I/ 0 System Fundamentals 

(ENF) and Set Interrupt Request (SIR), are buffered to 
provide control signals for interrupt processing. I/O time 
period T2 is buffered to form the ENF signal which is 
routed to all computer I/O slots. The ENF signal is used 
during I/O operations to time the setting of the interface 
PCA's Flag flip-flop. I/O time period T5 is buffered to form 
the SIR signal which is routed to all computer I/O slots. 
The SIR signal is used during interrupt processing to time 
the setting of the interface PC A's Interrupt Request (IRQ) 
flip-flop. 

3-9. 1/0 ADDRESSING 

Communication between the interface PCA's and the 
computer is accomplished by specific I/O addresses called 
select codes. The select codes specify one of 64 possible I/O 
devices or functions. Select code signals are transferred to 
the I/O slot of the selected I/O device to permit program 
control of the device. Table 3-1 lists the select codes and 
their assignments, and indicates the corresponding inter­
rupt location (i.e., the memory location containing the 
instruction to be executed when an interrupt occurs). Fig­
ure 3-2 illustrates the I/O slots in the computer for the 
associated interface PCA's. Each I/O slot is assigned two 
select codes in order to service I/O devices that contain 
both input and output logic circuits. The input section and 
output section of an interface PCA may require separate 
select codes. When a single interface PCA contains both 
addressable input and output logic circuits, its I/O slot 
must provide both select codes. The second interface PCA 
maintains priority continuity. Since I/O slot wiring de­
termines the select codes for the slot, and interface PCA's 
can be inserted into any I/O slot, the interface PCA as­
sumes the select codes of the I/O slot into which it is 
inserted. 

The Select Code Most Significant Digit (SCM) and Select 
Code Least Significant Digit (SCL) signal combination 
determines the I/O slot to which the instruction portion of 
the I/O instruction word is to be directed. As previously 
discussed, each I/O slot and therefore each interface PCA 
contains two octal select codes. Figure 3-3 'illustrates the 
SCM and SCL signal paths to the I/O slot connectors. Note 
that the SCM(l) signal is applied to most-significant-digit 
input pins on the I/O slot connectors with select codes of 10 
through 1 7 and that the SCM(2) signal is applied to the 
I/O slot connectors with select codes of 20 through 25. The 
SCM(O) and SCL(O) through SCL(7) signals are used to 
form select code address signals SCO through SC7. The 
functions of these select codes are contained in table 3-2. It 
should be noted that the SCM and SCL signals are applied 
to the same numbered pins on all I/O slot connectors as 
follows: 

a. Pin 14 lower select code, most significant digit. 

b. Pin 16 lower select code, least significant digit. 

c. Pin 37 higher select code, most significant digit. 

d. Pin 34 higher select code, least significant digit. 
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Table 3-1. Select Code Assignments 

INTERRUPT 
SELECT CODE MEMORY LOCATION 

(OCTAL) (OCTAL) ASSIGNMENT 

00 None Interrupt System Enable/Disable 

01 None Display Register or Overflow 

02 None DCPC Initialization Channel 1 

03 None DCPC Initialization Channel 2 

04 00004 Power Fail Interrupt/Central Interrupt Register 

05 00005 Parity Error Interrupt/Memory Protect Interrupt/Dynamic 
Mapping System Interrupt 

06 00006 DCPC Channel 1 Completion Interrupt 

07 00007 DCPC Channel 2 Completion Interrupt 

10 thru 77 00010 thru 00077 1/0 Devices 

HP 2105 1/0 PCA CAGE 

en TO 1/0 DEVICE w 13 WITH LOWEST Cl HP 2112/2113 1/0 PCA CAGE 
0 PRIORITY OR 
(.) 12 TO HP 12979 
I- 1/0 EXTENDER 25 TO 1/0 DEVICE 
(.) 11 w WITH LOWEST 
..J 10 24 PRIORITY OR w TO 1/0 DEVICE en TO HP 12979 

WITH HIGHEST 23 1/0 EXTENDER* 
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22 

HP 2108/2109 1/0 PCA CAGE 21 

w 20 
20 TO 1/0 DEVICE Cl 

WITH LOWEST 0 17 
17 PRIORITY OR 

(.) 

I- 16 
TO HP 12979 (.) en 16 1/0 EXTENDER* w w ..J 15 
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15 w 0 en 14 (.) 
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11 
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Figure 3-2. 1/0 Address Assignments 
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Figure 3-3. 1/0 Slot Connector Select Code Wiring 

3-10. INTERRUPT SYSTEM 

The interrupt system provides the means for an external 
1/0 device to interrupt the program in progress when data 
is available for input or when additional output data can 
be accepted. An interrupt request from an 1/0 device 
occurs when the following conditions are met: 

a. The interrupt system is enabled. 

b. The specific 1/0 device's interface PCA Flag flip-flop is 
set. 

c. The specific 1/0 device's interface PCA Control flip­
flop is set. 

d. No instruction that affects priority (STF, CLF, STC, 
or CLC) is in progress. 

e. The priority network is not disabled by gaps between 
interface PCA's as discussed in paragraph 3-13. 

f. No higher priority 1/0 devices have met the conditions 
stated in a through d above. 

The computer program determines if interrupt requests 
from the external 1/0 devices will be recognized by en­
abling or disabling the interrupt system. A Set Flag (STF) 
instruction with a select code of 00 (octal) enables the 

interrupt system. A Clear Flag (CLF) instruction with a 
select code of 00 (octal) disables the interrupt system. 
When power is initially applied to the computer, the inter­
rupt system is disabled. Initial power application also 
clears all 1/0 interface PCA's Control flip-flops and sets all 
Flag Buffer and Flag flip-flops. Therefore, to operate any 
1/0 device under interrupt system control, it is first neces­
sary to clear the addressed 1/0 interface PC A's Flag Buffer 
and Flag flip-flops and to set the Control flip-flop. 

3-11. INTERRUPT PRIORITY 

The interrupt system contains a priority network that 
establishes an orderly sequence of granting interrupt re­
quests. The following paragraphs contain discussions of 
priority assignments, network operation, continuity, and 
instructions. 

3-12. PRIORITY ASSIGNMENTS. A priority cir­
cuit on the 1/0 interface PCA's allows only one 1/0 device 
to interrupt the computer program regardless of the 
number of 1/0 devices requesting an interrupt. The prior­
ity network assigns the highest priority to select code 04 
(octal) which is reserved for power fail interrupt and de­
creasing priority to select codes 05 through 77 (octal) as 
listed in table 3-1. Each 1/0 interface PCA connector in the 
computer is assigned two interrupt priorities correspond­
ing to the two select codes assigned each connector. This 
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provides an interrupt priority for both the input and out­
put circuits of an I/O interface PCA in case they are to be 
separately addressable. The interrupt priority assign­
ments for each I/O interface PCA connector are fixed but, 
since any 1/0 interface PCA can be inserted into any 
connector slot, the interrupt priority of any I/O device can 
be easily changed simply by inserting the device's as­
sociated I/O interface PCA into another connector slot. 

3-13. PRIORITY NETWORK OPERATION. As 
shown in figure 3-4, priority is established by a hardwired 
priority network on both the individual I/O interface 
PCA's and on each I/O connector slot. The true/false logic 
levels for an I/O interface PCA that is not requesting an 
interrupt are indicated by parenthesis (T) or (F) on the 
first 1/0 interface PCA (select code 11) illustrated in figure 
3-4. Figure 3-4 also indicates that the interrupt system is 
enabled (i.e., IEN input signal is true). Also, figure 3-4 
indicates that an 1/0 device with a higher priority is not 
requesting an.interrupt (i.e., PRH input signal from select 
code 10 is true). In this case, the priority chain is not 
broken and a true PRL signal is applied to the next I/O 
interface PCA (select code 12) as a true PRH signal. 

If an I/O interface PCA contains both input and output 
logic circuits, each circuit may have a separate select code 
and corresponding interrupt priority with the priority 
chain connected internally on the PCA. Usually, for I/O 
interface PCA's that contain both input and output logic 
circuits, the output logic circuit is assigned a higher prior­
ity than the input logic circuit. Since the I/O interface 
PCA uses both select codes assigned to its connector, the 
second 1/0 interface PCA (if required) must provide con­
tinuity for the priority network. There can be no gaps in 
the priority network ifit is to function properly. If only one 
1/0 interface PCA which operates from two select codes is 
required for an I/O device, a priority jumper PCA must be 
installed to maintain priority continuity for the lower 
priority I/O devices. 

If the output logic circuit of the 1/0 interface PCA (figure 
3-4) requests an interrupt, the PRL signal to the input 
logic circuit of the PCA goes false and the priority chain is 
broken, preventing any 1/0 interface PCA with a lower 
priority from interrupting the computer program. A ser­
vice subroutine can now be entered to process the inter­
rupt requested by the output logic circuit. A service sub­
routine for any 1/0 device can be interrupted by any I/O 
device(s) with a higher priority. Then, after the I/O de­
vice(s) with a higher priority has been serviced, the sub­
routine for the I/O device with the lower priority can 
continue. Therefore, several service subroutines can be in 
an interrupted state at one time. Each subroutine will 
continue from its interrupted point when the next higher 
priority subroutine is completed. 

Interrupt priority can also be program controlled. Since an 
interrupt cannot occur unless the 1/0 interface PCA's Con­
trol flip-flop is set, all Control flip-flops on I/O interface 
PCA's with a higher priority than the one desired can be 
cleared by a CLC instruction. This prevents the higher 
priority 1/0 interface PCA's from requesting an interrupt 

3-6 

M/E 

and establishes the desired I/O interface PCA as the high­
est priority device. However, the I/O interface PCA's dis­
abled by the CLC instruction must now be monitored for 
service by testing the state of their Flag flip-flops or by 
resetting the Control flip-flops with an STC instruction. 
(Refer to paragraph 3-19.) 

3-14. PRIORITY CONTINUITY. When an 1/0 
interface PCA requests an interrupt, the PRL signal 
applied to the next lower priority I/O interface PCA as 
PRH goes false which prevents that I/O interface PCA 
from requesting an interrupt. This sequence continues 
from PCA to PCA until the last (lowest priority) I/O inter­
face PCA receives a false PRH signal. 

3-15. INSTRUCTIONS AFFECTING PRI­
ORITY. Four instructions (STC, CLC, STF, and CLF) 
affect the I/O interface PCA's priority network. Whether 
an I/O device can or cannot request an interrupt depends 
on whether its I/O interface PCA's Control flip-flop is set 
(STC) or cleared (CLC) and whether its Flag flip-flop is set 
(STF) or cleared(CLF). If an I/O device cannot request an 
interrupt, all succeeding lower priority devices assume a 
priority of one higher in the priority network. The four 
instructions also inhibit all interrupts during the com­
puter cycle in which they occur. This prevents interrupts 
from occuring during entry and exit from subroutines. 
Also, a combination of two of the four instructions is nor­
mally the next-to-last instruction in a service subroutine 
processing an interrupt. (The last instruction is a JMP,I 
instruction to return to the main program or to an address 
of another subroutine.) If another I/O device could inter­
mpt the subroutine immediately after the combination of 
the twu instructions and before the JMP ,I instruction, the 
possibility would exist that the first I/O device could inter­
rupt a second time before the JMP,I instruction. In this 
case, the first main program address or the other service 
subroutine address would be destroyed, preventing a re­
turn to the main program or to the other service 
subroutine. 

3-16. INTERRUPT GENERATION 

A detailed discussion of the sequence of events that take 
place during an interrupt request is contained in para­
graphs 4-4 through 4-8 and paragraph 5-4 of this manual. 

3-17. INTERRUPT PROCESSING 

Initially, during an interrupt, the computer decrements 
the P-register to ensure that the proper location in the 
main program will be returned to after the interrupt is 
processed. Also, the computer places the service request 
address (always equal to the select code of the interrupting 
I/O device) into the M-register. This addresses the memory 
location having the same number as the service request 
address (select code). This location in memory is referred 
to as the "trap cell" and is reserved for one particular 1/0 
device. For example, an 1/0 device specified by select code 
10 (octal) will interrupt to (i.e., cause execution of the 
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INST S.C.00 s.c. 01 S.C.02 s.c. 03 

STC NOP NOP Prepares DCPC channel Prepares DCPC channel 

1 to receive and store 2 to receive and store 
the block length in 2's the block length in 2's 
complement form. complement form. 

CLC Clears all Control FF's NOP Prepares DGPC channel Prepares DCPC channel 
from S.C. 06 and up; 1 to receive and store 2 to receive and store 
effectively turns off the direction of data the direction of data 
all 1/0 devices. flow and the starting flow and the starting 

memory address. memory address. 

STF Turns on interrupt STO sets overflow bit. NOP NOP 
system. 

CLF Turns off interrupt CLO clears overflow bit. NOP NOP 
system except power 
fail (S.C. 04) and 
parity error (S.C. 05). 

SFS Skip if interrupt system sos NOP NOP 
is on. I 

I 

SFC Skip if interrupt system soc NOP NOP 
is off. 

LIA/B Loads A/B register with Loads display register Loads present contents Loads present contents 
all zeros. (Equivalent to contents into A/B of DCPC channel 1 of DCPC channel 2 
CLA/B instruction.) register. word count register word count register ! 

into A/B register. into A/B register. 

MIA/B Equivalent to a NOP. Merges display register Merges present contents Merges present contents 

contents into A/B of DCPC channel 1 of DCPC channel 2 

register. word count register.into word count register into 
A/B register. A/B register. 

OTA/B NOP Outputs A/B register 1 . Outputs to DCPC 1. Outputs to DCPC 
contents into display channel 1 the block channel 2 the block 
register. length in 2's com- length in 2's com· 

plement form plement form 
(previously prepared (previously prepared 
by an STC 02 by an STC 03 
instruction). instruction). 

2. Outputs to DCPC 2. Outputs to DCPC 
channel 1 the direc- channel 2 the direc-
ti on of data fl ow and tion of data flow and 
the starting memory 

I 
the starting memory 

address (previously address (previously 

l 
prepared by a prepared by a 
C L.C 02 instruction). CLC 03 instruction). 

S.C.04 S.C.05 S.C.06 

Re-initializes power-fail Turns on memory Sets Control FF on 
logic and restores inter- protect. DCPC channel 1 
rupt capabilitY to lower (activates OMA). 
priority functions. 

Re-initialize power-fail NOP Clears Control FF on 
I ogic and restores inter· DCPC channel 1 
ruptcapability to lower ( reestablishes priority 
priority functions. with STF; does not turn 

off DCPC). 

Flag FF sets auto- Turns on parity error Aborts DCPC 
matically when power interrupt capability. channel 1 data 
comes up. (No pro- transfer. 
gram control 
possible.) 

Flag FF clears auto- Turns off parity error Clears Flag FF on DCPC 
matically when power interrupt capability channel 1. 
fail occurs. (No pro- and clears violation 
gram control register bit 15. 
possible.) 

NOP Skip if Dynamic Map- Tests if DCPC channel 1 
ping System (OMS) data transfer is com-
interrupt. plete. 

Skip if power fail Skip if memory pro- Tests if DCPC channel 1 
has occurred. tect interrupt. data transfer is still in 

progress. 

Loads contents of Loads contents of Loads A/B register with 
central interrupt violation register into all ones. (Equivalent to 
register (S.C. of last A/B register: CCA/CCB instruction.) 
interrupting device) Bit 15 = 1 =PE 
into least-significant Bit15=0=MPV 
bits of A/B register. 

Merges contents of Merges contents of Same as LIA/B 06 
centrnl interrupt violation register into above. 
register into least- A/B register. 
significant bits of A/B 
register. 

NOP Outputs first address Outputs to DCPC 
of unprotected memory channel 1 the S.C. of 
to fence register. 1/0 channel. Specify 

STC after each word; 
CLC after block. 

I/O System Fundamentals 

Table 3-2. Interrupt and 1/0 Control Summary 

S.C.07 S.C.10-77 

Sets Control FF on Sets PCA Control FF and 
DCPC channel 2 turns on device on chan-
(activates DMA). nel specified by S.C. 

Clears Control FF on Clears PCA Control FF and 
DCPC channel 2 turns off device. 
(reestablishes priority 
with STF; does not turn 
off DGPC). 

Aborts DCPC Sets PCA Flag FF. 
channel 2 data 
transfer. 

Clears Flag FF on DCPC Clears PCA Flag FF. 
channel 2. 

Skip if DCPC channel 2 Skip if 1/0 channel Flag FF 
data transfer is com- is set. 
plete. 

Skip if DCPC channel 2 Skip if 1/0 channel Flag FF 
data transfer is still in is clear. 
progress. 

Loads A/B register with Loads contents of PCA 
all ones. (Equivalent to data buffer into A/B 
CCA/CCB instruction.) register. 

Same as LIA/B 07 Merges contents of PCA 
above. data buffer into A/B 

register. 

Outputs to DCPC Outputs data from A/B 
channel 2 the S.C. of register into PCA data 
1/0 channel. Specify buffer. 
STC after each word; 
CLC after block. 

3-7 /3-8 



M/E 

1/0 SLOT 10 

FROM INTERFACE PCA, 
SELECT CODE 10 IT) 

1/0 SLOT 11 

1/0 System Fundamentals 

1/0 SLOT 12 

TO INTERFACE PCA, 
SELECT CODE 

,---------- PR-;;---, ,---------- --, ,--- p-;:;:.---, 
I 
I 
I 
I 
I 
I 

I 
I 
I (Fl 

I 
I IENITI 

I COFNFT~~'L 

LIN~ ~1c-=:..'.'E':.::T .:::_DE~ _______ _J 

INTERFACE PCA-SELECT CODE 11 

NOTE-
1. HEAVY LINES BETWEEN INTERFACE 

PCA'S OENOTES PRIORITY BUS 
BETWEEN SLOT CONNECTORS. 

1 

I 
I 
I 
I 
I 
I CONTROL 

FF 

I 
I 
I 
I 
I 

1 

I 
I 
I 
I 
I 
I 
I 

I PRL 

I I 
L ______ J 

PRIORITY JUMPER CARD­
SLOT SELECT CODE 13 

0330-1 
Figure 3-4. Interrupt Priority Network 

contents of) memory location 00010. The computer fetches 
the instruction in the trap cell which is usually a jump to a 
subroutine (JSB,I) instruction. (Any legal instruction can 
be placed in the trap cell.) The contents of the P-register 
plus one are then stored in the first location (X) of the 
subroutine. (Since the previous contents of the first mem­
ory location are destroyed when P+ 1 is stored, the first 
instruction of the subroutine should always be a no­
operation (NOP) instruction or equivalent.) Next, the lo­
cation of the subroutine (X+ 1) is placed in the P- and 
M-registers and the computer resumes operation in the 
subroutine. Thus, the instruction stored in location X+ 1 is 
the first instruction of the subroutine to be executed. It 
should be noted that the contents of the working registers 
that were in use in the main program should be stored 
when entering the subroutine and restored before exiting 
from the subroutine. Exit from the subroutine is ac­
complished with a JMP,I instruction to location X. This 
places the address of the interrupted program instruction 
in the P- and M-registers and allows normal program 
operation to resume. 

3-18. 1/0 DATA TRANSFERS 

The following paragraphs describe how data is transferred 
between memory and I/O devices. A summary of I/O group 
instructions pertinent to the computer's interrupt and 
control functions is contained in table 3-2. The sequences 
presented for noninterrupt and interrupt methods of data 
transfer are highly simplified in order to present an over­
all view without the involvement of software operating 
systems and device drivers. For additional information, 
refer to Sections IV through VI of this manual and to the 
documentation supplied with the appropriate software 
system or I/O subsystem. 

3-19. NONINTERRUPT TRANSFERS 

It is possible to transfer data without using the interrupt 
system. This involves a "wait-for-flag" method in which 
the computer commands the device to operate and then 
waits for the completion response. In using this method to 
transfer data, it is assumed that the computer time is 
relatively unimportant. The programming is very simple, 
consisting of only four words of in-line coding as shown in 
table 3-3. Each of these routines will transfer one word or 
character of data. It is also assumed that the interrupt 
system is disabled (STF 00 not previously given). 

Table 3-3. Noninterrupt Transfer Routines 

INSTRUCTIONS COMMENTS 

INPUT ROUTINE 

STC 12,C Start device. 
SFS 12 Is input ready? 
JMP *-1 No, repeat previous instruction. 
LIA 12 Yes, load input into A-register. 

OUTPUT ROUTINE 

OTA 13 Output A-register to buffer. 
STC 13,C Start device. 
SFS 13 Has device accepted the data? 
JMP *-1 No, repeat previous instruction. 
NOP Yes, proceed. 
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3-20. INPUT DATA. The operation begins with a 
programmed STC 12,C instruction which sets the Control 
flip-flop and clears the Flag flip-flop on the interface PCA. 
The computer then goes into a waiting loop, repeatedly 
checking the status of the PCA Flag flip-flop. Setting the 
Control flip-flop causes the PCA to output a Start signal to 
the I/O device. The Start signal causes the device to output 
a data character and then a Done signal to the PCA which 
sets the PCA Flag flip-flop. (A more detailed discussion of 
interface PCA operations is contained in Sections IV and 
V.) If the Flag flip-flop is not set, the JMP *-1 instruction 
causes a jump back to the SFS instruction. (The *-1 
operand is assembler notation for "this location minus 
one".) When the Flag flip-flop is set, the skip condition for 
SFS is met and the JMP instruction is skipped. The com­
puter then exits from the waiting loop and the LIA 12 
instruction loads the device input data into the A-register. 

3-21. OUTPUT DATA. The first step, which is to 
transfer the data to the interface PCA buffer, is the OTA 
13 instruction. Then STC 13,C commands the device to 
operate and accept the data. The computer then goes into a 
waiting loop as discussed in the preceding paragraph. 
When the Flag flip-flop becomes set, indicating that the 
device has accepted the output data, the computer exits 
from the loop. (The final NOP is for illustration purposes 
only.) 

INPUT TRANSFER 

COMPUTER INTERFACE PCA 
PROGRAM SELECT CODE 12 

STC 12,C 

• SET CONTROL 
CLEAR FLAG 

• • 
0 • 

SET FLAG 

M/E 

3-22. INTERRUPT TRANSFERS 

3-23. INPUT DATA. Figure 3-5 illustrates the 
sequence of events required to input data using the inter­
rupt method. Note that some operations are under control 
of the computer program (programmer's responsibility) 
and some of the operations are automatic. Note also that 
the interface PCA (device controller) is installed in the 
slot assigned to select code 12. The operation begins (1) 
with the programmed instruction STC 12,C which sets the 
Control flip-flop and clears the Flag flip-flop on the inter­
face PCA. Since the next few operations are under control 
of the hardware, the computer program may continue the 
execution of other instructions. Setting the Control flip­
flop causes the PCA to output a Start signal (2) to the 
device which reads out a data character and asserts the 
Done signal (3). (A more detailed discussion of the inter­
face PCA operations is contained in Sections IV and V.) 

The device Done signal sets the PCA Flag flip-flop which 
in turn generates an interrupt ( 4) assuming that the 
interrupt conditions are met; i.e., the interrupt system 
must be on (STF 00 previously given), no higher priority 
interrupt is pending, and the Control flip-flop is set (ac­
complished in step 1). 

INPUT 
DEVICE 

START 

DONE 

SERVICE 
SUBROUTINE 

CLEAR CONTROL 

0330-2 
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Figure 3-5. Input Data Transfer (Interrupt Method) 
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The interrupt causes the current computer program to be 
suspended and control is transferred to a service sub­
routine (5). It is the programmer's responsibility to pro­
vide the linkage (JSB,I) between the interrupt location 
(00012 in this case) and the service subroutine. It is also 
the programmer's responsibility to include in his service 
subroutine the instructions for processing the data (load­
ing into an accumulator, manipulating if necessary, and 
storing into memory). 

The subroutine may then issue further STC 12,C com­
mands to transfer additional data characters. One of the 
final instructions in the service subroutine must be CLC 
or CLF 12. This step (6) restores the interrupt capability to 
lower priority devices and returns the interface PCA to its 
static "ready" condition (Control clear and Flag set). This 
condition is initially established by the computer at power 
turn-on and it is the programmer's responsibility to return 
the interface PCA to the same condition at the completion 
of each data transfer operation. At the end of the sub­
routine, control is returned to the interrupted program via 
previously established linkages. 

3-24. OUTPUT DATA. Figure 3-6 illustrates the 
sequence of events required to output data using the inter­
rupt method. Again, note the distinction between pro­
grammed instructions and automatic operations. It is as­
sumed that the data to be transferred has been loaded 
from memory into the A-register and is in a form suitable 
for output. The interface PCA in this example is assumed 
to be in the I/O slot assigned to select code 13. 

OUTPUT TRANSFER 

1/0 System Fundamentals 

The output operation begins with a programmed instruc­
tion (OTA 13) to transfer the contents of the A-register to 
the interface PCA buffer (1). This is followed (2) by the 
instruction STC 13,C which sets the Control flip-flop and 
clears the Flag flip-flop on the interface PCA. Since the 
next few operations are under control of the hardware, the 
computer program may continue the execution of other 
instructions. Setting the Control flip-flop causes the inter­
face PCA to output the buffered data and a Start signal (3) 
to the device which writes (e.g., punches, stores, etc.) the 
data character and asserts the Done signal (4). 

The device Done signal sets the PCA Flag flip-flop which 
in turn, generates an interrupt (5) provided that the inter­
rupt system is on, priority is high, and the Control flip-flop 
is set (accomplished in step 2). The interrupt causes the 
current computer program to be suspended and control is 
transferred to a service subroutine (6). It is the pro­
grammer's responsibility to provide the linkage (JSB,I) 
between the interrupt location (00013 in this case) and the 
service subroutine. The detailed contents of the sub­
routine are also the programmer's responsibility and the 
contents will vary with the type of device. 

The subroutine can then output further data to the inter­
face PCA and reissue the STC 13,C command for addi­
tional data character transfers. One of the final instruc­
tions in the service subroutine must be a clear control or 
clear flag. This step (7) allows lower priority devices to 
interrupt and restores the channel to its static "ready" 
condition (Control clear and Flag set). At the end of the 
subroutine, control is returned to the interrupted program 
via previously established linkage. 

COMPUTER 
PROGRAM INTERFACE PCA 

SELECT CODE 13 

OUTPUT 
DEVICE 

0330-3 

OTA13 
STC 13,C 
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SUBROUTINE 
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.Figure 3-6. Output Data Transfer (Interrupt Method) 
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3-25. DUAL-CHANNEL PORT 
CONTROLLER 

The Dual-Channel Port Controller (DCPC) accessory pro­
vides a direct data path, software assignable, between 
memory and a high-speed peripheral device. The DCPC 
accomplishes this by stealing an I/O cycle instead of inter­
rupting to a service subroutine. The DCPC logic is capable 
of stealing every consecutive I/O cycle and can transfer 
data at the rates specified in table 1-1. 

There are two DCPC channels, each of which may be 
separately assigned to operate with any I/O interface 
PCA. When both DCPC channels are operating simul­
taneously, channel 1 has priority over channel 2. For HP 
21MX M-Series Computers, the combined maximum 
transfer rate for both channels operating simultaneously 
is 616,666 words per second; the rate available on channel 
2 is therefore the rate difference between 616,666 and the 
actual operating rate of channel 1. For HP 21MX E-Series 
Computers, the combined maximum transfer rate for both 
channels operating simultaneously is as specified in table 
1-1 only if the channels are transferring data in the same 
direction. Channels transferring data in opposite direc­
tions will achieve an effective transfer rate between the 
specified input and output rates. Since the memory cycle 
rate is somewhat faster than the I/O cycle rate, it is possi­
ble for the CPU to interleave memory cycles while the 
DCPC is operating. 

Transfers via the DCPP are on a full-word basis; hardware 
packing and unpacking of bytes is not provided. The word 
count register is a full 16 bits in length and data transfers 
are accomplished in blocks. The transfer is initiated by an 

0330-4 
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initialization routine and from then on the operation is 
under automatic control of the hardware. The 
initialization routine specifies the direction of the data 
transfer (in or out), where in memory to read or write, 
which I/O channel to use, and how much data to transfer. 
Completion of the block transfer is signaled by an inter­
rupt to location 00006 (for channel 1) or to location 00007 
(for channel 2) if the interrupt system is enabled. It is also 
possible to check for completion by testing the status of the 
flag for select code 06 or 07, or by interrogating the word 
count register with an LINB instruction to select code 02 
(for channel 1) or to select code 03 (for channel 2). A block 
transfer in process can be aborted with an STF 06 or 07 
instruction. 

3-26. DCPC OPERATION. Figure 3-7 illustrates 
the sequence of operations for a DCPC input data transfer. 
A comparison with the conventional interrupt method 
(figure 3-5) shows that much more of the DCPC operation 
is automatic. Remember that the operation illustrated in 
figure 3-5 must be repeated for each word or character. 
The automatic DCPC operation illustrated in figure 3-7 
will transfer a block of data of any size up to 32K words 
limited only by the available memory space. The sequence 
of events is as follows. (An input data transfer is illus­
trated; minor differences for an output transfer are 
explained in text.) 

The initialization routine sets up the control registers on 
the DCPC (1) and issues the first start command (STC 
12,C) directly to the interface PCA. (If the operation is an 
output, the interface PCA buffer is also loaded at this 
time.) The DCPC logic is now enabled and the computer 
program continues with other instructions. 

INTERFACE PCA 

SELECT CODE 12 

SET CONTROL 
CLEAR FLAG 

CLEAR CONTROL 

SET FLAG 

BUFFER 

INPUT 

DEVICE 

START 

DONE 

.. 

PROGRAMMEH'S 

RESPONSIBILITY 

~AUTOMATIC 
~ OPERATIONS 

Figure 3-7. DCPC Input Data Transfer 
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Setting the Control and clearing the Flag flip-flops (2) 
causes the interface PCA to send a Start signal (with a 
data word if it is an output transfer) to the external device 
(3). The device goes through a read or write cycle and 
returns a Done signal (with a data word if it is an input 
transfer). The Done signal (4) sets the PCA Flag flip-flop 
which, regardless of priority, immediately requests the 
DCPC logic to steal an 1/0 cycle ( 5) and transfers a word 
into (or out of) memory. The process now repeats back to 
the beginning of this paragraph (setting Control and 
clearing Flag flip-flops) to transfer the next word. 

After the specified number of words (up to 32K) have been 
transferred (6), the interface PCA Control flip-flop is 
cleared (7) and the DCPC logic generates a completion 
interrupt (8). The program control is now forced to a com­
pletion routine (9), the contents of which is the pro­
grammer's responsibility. 

3-27. DCPC INITIALIZATION. The information 
required to initialize the DCPC (transfer direction, mem­
ory allocation, 1/0 channel assignment, and block length) 
is given by three control words. These three words must be 
addressed specifically to the DCPC. Figure 3-8 illustrates 
the format of the three control words. Control word 1 
(CWl) identifies the 1/0 channel to be used and provides 
two options selectable by the programmer: 

Bit 15 
1 = give STC (in addition to CLF) to 1/0 channel at 

end of each DCPC cycle (except on last cycle, if 
input) 

0 =no STC 

Bit 13 
1 = give CLC to 1/0 channel at end of block transfer 

0 =no CLC 

Control word 2 (CW2) gives the starting memory address 
for the block transfer and bit 15 determines whether data 
is to go into memory (logic 1) or out of memory (logic 0). 
Control word 3 (CW3) is the two's complement of the 
number of words to be transferred into or out of memory 

1/0 System Fundamentals 

(i.e., the block length). This number can be from 1 to 
32,768 although it is limited in the practical case by avail­
able memory. 

1 

0 

CONTROL WORD 1 (Device Control) 

11 10 9 8 7 6 5 4 3 2 1 

(Not used) Device Select Code 

~.......__.___._~~~~~~~---'~~~~~~---' 

CONTROL WORD 2 (Memory Control) 

13 12 11 10 9876543210 

Memory Address 

CONTROL WORD 3 (Block Length Control) 

15 14 13 12 11 10 987654321 

Word Count 

Figure 3-8. DCPC Control Word Formats 

Table 3-4 contains the basic program sequence for output­
ting the control words to the DCPC. As shown in table 3-4, 
CLC 2 and STC 2 perform switching functions to prepare 
the logic for either CW2 or CW3. The device is assumed to 
be in I/O slot channel 10 and it is also assumed that its 
start command is STC lOB,C. The sample values of CWl, 
CW2, and CW3 will read a block of 50 words and store, 
these words in locations 200 through 261 (octal). The STC 
06B,C instruction starts the DCPC operation. A flag­
status method of detecting the end-of-transfer is used in 
this example; an interrupt to location 00006 could be sub­
stituted for this test. The program in table 3-4 could easily 
be changed to operate on channel 2 by changing select 
codes 2 to 3 and 6 to 7. One important difference should be 
noted when doing a DCPC input operation from a disc or a 
drum. Due to the synchronous nature of disc or drum 
memories and the design of the interface PCA, the order of 
starting must be reversed from the order given; i.e., start 
the DCPC first and then start the disc or drum. 
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Table 3-4. DCPC Initialization Program 

LABEL OPCODE OPERAND COMMENTS 

ASGN1 LOA CW1 Fetches control word 1 (CW1) from memory and loads it in A-register. 

OTA 68 Outputs CW1 to DCPC Channel 1. 

MAR1 CLC 28 Prepares Memory Address Register to receive control word 2 (CW2). 

LOA CW2 Fetches CW2 from memory and loads it in A-register. 

OTA 28 Outputs CW2 to DCPC Channel 1 . 

WCR1 STC 28 Prepares Word Count Register to receive control word 3 (CW3). 

LOA CW3 Fetches CW3 from memory and loads it in A-register. 

OTA 28 Outputs CW3 to DCPC Channel 1. 

STRT1 STC 108,C Start input device. 

STC 68,C Activate DCPC Channel 1 . 

SFS 68 Wait while data transfer takes place or, if interrupt processing is used, 
JMP * -1 continue program. 

HLT Halt 

CW1 OCT 120010 Assignment for DCPC Channel 1 (ASGN1 ); specifies 1/0 channel select 
code address (108 ), STC after each word is transferred, and CLC after 
final word is transferred. 

CW2 OCT 100200 Memory Address Register control. DCPC Channel 1 (MAR1 ); specifies 
memory input operation and starting memory address (2008 ). 

CW3 DEC -50 Word Count Register control. DCPC Channel 1 (WCR1 ); specifies the 
2's complement of the number of character words in the block of data 
to be transferred (5010 ). 
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This section contains a general discussion of the HP 21MX 
M- and E-Series Computer's timing schemes. Different 
timing schemes are employed by the HP 21MX M-Series 
and HP 21MX E-Series Computers and will, therefore, be 
discussed separately in the following paragraphs. Since 
timing for all computers is derived from a crystal­
controlled oscillator in the control processor, a basic 
knowledge of control processor timing is required to fully 
understand I/O Section timing. Timing cycles for the con­
trol processor are different from the timing cycles for other 
computer sections and these sections operate asynchro­
nously until they must communicate with each other. 
Then, the control processor will inhibit (freeze) its opera­
tions until it is synchronized with the applicable computer 
section. 

4-1. CONTROL PROCESSOR TIMING 
(21 MX M-SERIES) 

A timing configuration diagram for the HP 21MX 
M-Series Computer is contained in figure 4-1. As shown, 
control processor timing is derived from an 18.5-MHz 
crystal-controlled oscillator that clocks a three-stage ring 
counter approximately every 54 nanoseconds. The counter 
consists of a PA flip-flop (PA FF), PB flip-flop (PB FF), and 
PC flip-flop (PC FF) whose states are decoded to provide 
six 54-nanosecond periods designated PO, Pl, P2, P3, P4, 
and P5 as shown in figure 4-2. These six P-periods com­
prise one control processor cycle (one microcycle) and rep­
resent the time duration (325 nanoseconds) required by 
the computer to execute one microinstruction. Some de­
coded timing signals are continuous-running and others 
can be frozen by the control processor Freeze flip-flop. (The 
timing signals that can be frozen are designated in figure 
4-2.) If the execution of a microinstruction is dependent on 
synchronization between the control processor and some 
other computer section, the control processor will freeze 
certain clock signals to prevent execution of the 
microinstruction until the required synchronization has 
been completed. A freeze inhibits designated clock signals 
from the end of one P2 period to the end of the next P2 
period. (Only one freeze signal can be issued per micro­
cycle.) A freeze signal performs the following functions: 

a. Prevents alteration of Arithmetic/Logic Section 
registers. 

b. Prevents alteration of Read-Only-Memory (ROM) In­
struction Register or ROM Address Register. 

c. Prevents loading of Central Interrupt Register. 

11u11UJ1• COMPUTER TIMING! IV I 

d. Prevents alteration of Overflow, Extend, and Flag 
flip-flops. 

e. Isolates the control processor from the S-Bus. 

f. Prevents the control processor from sending Read or 
Write signals to the Memory Section. 

g. Prevents obtaining of data from the Memory Section. 

h. Prevents initiation of an I/O cycle. 

Although there are various conditions that determine if a 
freeze is required, only those conditions that affect the I/O 
Section will be discussed. There are two conditions when 
synchronous operation between the I/O Section and the 
control processor is required: (1) to clock the select code of 
the interrupting device into the Central Interrupt Regis­
ter in order to issue an Interrupt Acknowledge (IAK) sig­
nal to the I/O interface PCA and (2) when the computer is 
ready to execute an I/O instruction. To issue an IAK sig­
nal, an internal Central Interrupt Register Enable (CI­
REN) signal is generated which initiates the freeze condi­
tion, clocks the Central Interrupt Register, and causes the 
generation of the IAK signal. The trailing edge ofT6 from 
the I/O Section removes the freeze condition and termi­
nates the IAK signal. Prior to the execution of an I/O 
instruction, an internal I/O Group Special (IOGSP) signal 
is generated which initiates the freeze condition. The 
trailing edge of T2 from the I/O Section terminates this 
freeze condition. Figure 4-2 illustrates the effect of a freeze 
condition on control processor clock generation. 

4-2. CONTROL PROCESSOR TIMING 
(21 MX E-SERIES) 

A timing configuration diagram for the HP 21MX 
E-Series Computer is shown in figure 4-3. As shown, con­
trol processor timing is derived from a 28.5-MHz crystal­
controlled oscillator that clocks a three-stage gray counter 
every 35 nanoseconds. The counter is decoded from a 
PA FF, PB FF, and PC FF to provide either five or eight 
35-nanosecond periods designated Pl, P2, P3, El, E2, E3, 
P4, and P5 as shown in figure 4-4. These periods comprise 
one microcycle and represent the time duration (175 or 
280 nanoseconds) required by the computer to execute one 
microinstruction. The HP 21MX E-Series Computer 
makes use of variable-length microcycles and, because the 
I/O Section T-periods are also variable between non-IOG 
cycles, no attempt should be made to use I/O Section 
backplane signals as basic clocks. 
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The shortest time duration required to execute a 
microinstruction is 175 nanoseconds and is termed a short 
microcycle. (The short microcycle is the time duration for 
which the Arithmetic/Logic Section is designed to oper­
ate.) When the SHORT signal (figure 4-3) is low, the 
three-stage gray code counter and decoder generates five 
35-nanosecond periods designated Pl, P2, P3, P4, and P5. 

Since the HP 21MX E-Series Computer is user 
microprogrammable and since certain I/O interface PCA's 
may not be able to function properly with a control pro­
cessor cycle time ofless than 190 nanoseconds, during the 
execution of an I/O instruction, the control processor cycle 
time is extended to a duration of 280 nanoseconds which is 
termed a long microcycle. Control memory has an access 
time of approximately 140 nanoseconds worst case and the 
Control Section's Memory Address register is loaded only 
at the control processor cycle time period P3. Therefore, if 
a branch microinstruction is to be executed, only two con-

CIREN 

IOGSP 

• 
• 
• 
• 

18.5 
MHZ 

P2NF 

D 

c 

CONTROL 
PROCESSOR 

THREE­
STAGE 
RING 

COUNTER 
AND 

DECODER 

FREEZE 
FF 

FREQ IN= 18.5MHZ=,......,1 PULSE/54 NS 

.".Px ="" 54 NS 

:. T x = 6 x P x = 325 NS 

Q 

Q 

M/E 

trol processor cycle time periods (P4 and P5) would remain 
to access memory during a short microcycle which is an 
insufficient amount of time. Hence, whenever a branch 
microinstruction is to be executed, an internal MICRO­
BRANCH signal (figure 4-3) is generated which in turn, at 
time P3, generates a high SHORT signal. When the 
SHORT signal is high, the three-stage gray counter and 
decoder generates eight 35-nanosecond periods. The 35-
nanosecond extend periods are designated El, E2, and E3. 
Once the branch microinstruction is executed, the 
MICRO-BRANCH signal is terminated, the SHORT sig­
nal goes low, and the control processor cycle returns to the 
five-period cycle of Pl through P5.-To ensure that all I/O 
interface PCA's have sufficient time to function properly, 
a high I/O Group Enable flip-flop (!OGEN FF) signal is 
generated during I/O operations to set the SHORT signal 
high which, in turn, causes the three-stage gray counter 
and decoder to divide by eight and produce a long 
microcycle of 280 nanoseconds (Pl, P2, P3, El, E2, E3, P4, 
and P5). 

11----------- PO 

T2 

1/0 
THREE- T3 
STAGE 

COUNTER T4 
AND 

DECODER T5 

T6 

Figure 4-1. HP 21MX M-Series Computer Timing Configuration 
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Like the HP 21MX M-Series Computers, the HP 21MX 
E-Series Computer control processor will freeze certain 
clock signals to prevent execution of a microinstruction 
until the required synchronization between the control 
processor and the applicable computer section has been 
accomplished. A freeze inhibits designated clock signals 
from the end of one Pl period to the end of the next Pl 
period. Figure 4-4 illustrates the effect of a freeze condi­
tion on control processor clock generation. Only one freeze 
condition can be issued per microcycle. A freeze signal 
performs the functions listed in paragraph 4-l(a) through 
4-l(h). Although various conditions determine if a freeze 
is required, only those conditions that affect the I/O Sec­
tion will be discussed. There are two conditions when 
synchronous operation between the control processor and 
the I/O Section is required: (1) to clock the Central Inter­
rupt Register in order to issue an IAK signal to an I/O 
interface PCA and (2) when the computer is ready to 
execute an I/O instruction. To issue an IAK signal, an 
internal Interrupt Acknowledge Special (IAKSP) signal is 

325 NS __.j 
MICROCYCLE - I 

I PO P1 P2 P3 P4 P5 PO 

OSCILLATOR 

PA FF __j 

PBFF ___ _ 

PCFF _____ _ 

Computer Timing 

generated which initiates the freeze condition (figure 4-3), 
clocks the Central Interrupt Register, and causes the gen­
eration of the IAK signal. The trailing edge of T6 from the 
I/O Section removes the freeze condition and terminates 
the IAK signal. Prior to the execution of an I/O instruc­
tion, an internal IOGSP signal is generated which in­
itiates the freeze condition. The trailing edge of T2 from 
the I/O Section terminates this freeze condition. 

In addition to the freeze condition, the HP 21MX E-Series 
Computers also employ a "pause" feature to suspend con­
trol processor timing. This feature permits asynchronous 
interface operations with memory. When the PAUSE sig­
nal (figure 4-3) is high, the three-stage gray counter and 
decoder operates as previously discussed. Whenever the 
PAUSE signal is low, however, a pause condition occurs 
and the microcycle is suspended at P3 period until the 
PAUSE signal again goes high. For example, if memory is 
busy (MBUSY signal high) and either the CPU or DCPC 

P1 P2 

PONF __j 

PO !.-.l 
LJ 
LJ 

P1NF (__j 

Pf:--L_J 

LJ 
LJ 

LJ 
LJ 

LJ 
I 

LJ 
I 

LJ 
I 
I 

LI 
I 

LJ 
LJ 

LJ L 
I I 

L 
LJ LJ 

P4I* 1/0 LJ ..,, • 1/0 
.... ,.. ___ T-PER IOD -------~-,....---T-PEF:uoo ---1 

LJ u-----
P5 * LJ 

*THESE SIGNALS FREEZE 

Figure 4-2. HP 21MX M-Series Control Processor Timing Diagram 
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Figure 4-3. HP 21MX E-Series Computer Timing Configuration 
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requests another memory operation, the PA USE signal 
will go low at the next P3 period and the microcycle will be 
suspended at P3 until the memory is no longer busy and 
the MBUSY signal goes low. When MBUSY goes low, the 
PA USE signal goes high and the microcycle will advance 
to either P4 or E 1 period depending on the logic level of 
the SHOR'l' signal as previously discussed. Therefore, as 
shown in figure 4-4, a long microcycle duration can ran­
domly vary from 280 to 630 nanoseconds and cannot be 
predicted unless the precise state of the computer is 
known (i.e., memory cycle time, memory operation, etc.). 
(It should be noted that during the execution of an 1/0 
instruction, internal computer design guarantees a long 
microcycle duration of 280 nanoseconds for 1/0 periods T3, 
T4, and T5.) 

As shown in figures 4-1 through 4-4, 1/0 Section timing is 
derived from the control processor basic clock P5 non­
freezable period (P5NF) that clocks the 1/0 three-stage 
counter and decoder. The counter is decoded from a TA 
flip-flop (TA FF), TB flip-flop (TB FF), and TC flip-flop (TC 
FF) to provide five T-periods designated T2, T3, T4, T5 and 
T6. These five T-periods comprise one 1/0 cycle and repre­
sent the required time to generate all the I/O signals that 
are required to execute an I/O instruction. For HP 2 lMX 
M-Series Computers, all T-periods are 325 nanoseconds 
and therefore, the duration of one 1/0 cycle is always 1.625 
microseconds. For HP 21MX E-Series Computers, 
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Figure 4-4. HP 21MX E-Series Control Processor Timing Diagram 

T-periods T3 through T5 are 280 nanoseconds each and T2 
and T6 are either 175 or 280 nanoseconds. Therefore the 
duration of one E-Series I/O cycle is from 1.19 to 1.40 
microseconds. Since all computer I/O cycles begin with T2 
and end with T6, and since no I/O commands are gener­
ated at time T6 except Interrupt Acknowledge CIAK), the 
different 1/0 cycle time durations do not affect 1/0 
compatibility between the HP 21MX M-Series and HP 
21MX E-Series Computers or with existing HP 2100 
Series interfaces. When an I/O cycle occurs, the various 
1/0 signals are generated at the T-period times illustrated 
in figure 4-5. Table 4-1 briefly defines all 1/0 signal 
mnemonics and identifies 1/0 connector pin number as­
signments for each signal. A more detailed description of 
the 1/0 signals is contained in Appendix B of this manual. 

(It should be noted that any individual interface PCA may 
not necessarily use all the signals listed in table 4-1.) 
Interface PCA designers should also note that three 
T-periods (T2, T3, and T5) are buffered directly onto the 
1/0 backplane and are unconditionally generated on 
backplane connector pin numbers 46, 11, and 32 respec­
tively, once every 1/0 cycle. Period T2, renamed Enable 
Flag (ENF), is used to set interface PCA Flag flip-flops 
synchronously to begin interrupt priority resolution which 
ensures that no flag is set in the middle of some other 1/0 
operation. Flags are to be set only during period T2 prior 
to generating 1/0 control signals. Period T5, renamed Set 
Interrupt Request (SIR), is used to set the Interrupt Re­
quest flip-flop on the interface PCA with the highest prior­
ity that is ready to interrupt. 
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Table 4-1. I/O Signal Definitions and Connector Pin Assignments 

PIN SIGNAL MNEMONIC PIN SIGNAL MNEMONIC 
NO. AND DEFINITION NO. AND DEFINITION 

1 GND: Ground 2 GND: Ground 
3 PRL: Priority Low 4 FLGL: Flag signal, Lower Select Code 
5 SFC: Skip if Flag is Clear 6 IRQL: Interrupt Request, Lower 

Select Code 
7 CLF: Clear (reset) Flag flip-flop 8 IEN: Interrupt Enable 
9 STF: Set Flag flip-flop 10 IAK: Interrupt Acknowledge 

11 T3: 1/0 time period T3 12 SKF: Skip on Flag 
13 CRS: Control Reset 14 SCM: Select Code Most Significant Digit 

(Lower Address) 
15 IOG: 1/0 Group 16 SCL: Select Code Least Significant Digit 

(Lower Address) 
17 POPIO: Power On Preset to 1/0 18 IOB16: 1/0 Bus input, bit 16 

(21 MX M-Series only) 
18 BIOS: "Not" Block 1/0 Strobe 

(21 MX E-Series only) 
19 SRO: Service Request 20 100: 1/0 data Output signal 
21 CLC: Clear (reset) Control flip-flop 22 STC: Set Control flip-flop 
23 PRH: Priority High 24 IOI: 1/0 data Input signal 
25 SFS: Skip if Flag is Set 26 IOBO: 1/0 Bus input, bit 0 
27 IOB8: 1/0 Bus input, bit 8 28 IOB9: 1/0 Bus input, bit 9 
29 IOB1: 1/0 Bus input, bit 1 30 IOB2: 1/0 Bus input, bit 2 
31 IOB10: 1/0 Bus input, bit 10 32 SIR: Set Interrupt Request 
33 IRQH: Interrupt Request, 34 SCL: Select Code Least Significant Digit 

Higher Select Code (Higher Address) 
35 IOBO: 1/0 Bus output, bit 0 36 +28V 
37 SCM: Select Code Most Significant Digit 38 IOB1: 1/0 Bus output, bit 1 

(Higher Address) 
39 +5V 40 +5V 
41 IOB2: 1/0 Bus output, bit 2 42 IOB4: 1/0 Bus output, bit 4 
43 +12V 44 +12V 
45 IOB3: 1/0 Bus output, bit 3 46 ENF: Enable Flag 
47 -2V 48 -2V 
49 FLGH: Flag signal, Higher Select Code 50 RUN: Run 
51 IOB5: 1/0 Bus output, bit 5 52 IOB7: 1/0 Bus output, bit 7 
53 IOB6: 1/0 Bus output, bit 6 54 IOB8: 1/0 Bus output, bit 8 
55 IOB11: 1/0 Bus output, bit 11 56 IOB9: 1/0 Bus output, bit 9 
57 IOB12: 1/0 Bus output, bit 12 58 IOB10: 1/0 Bus output, bit 1 O 
59 Not Used 60 IOB11: 1/0 Bus output, bit 11 

61 IOB13: 1/0 Bus output, bit 13 62 EDT: End Data Transfer (DCPC) 
63 Not Used 64 IOB3: 1/0 Bus input, bit 3 
65 IOB14: 1/0 Bus output, bit 14 66 PON: Power On Normal 
67 Not Used (21 MX M-Series only) 68 Not Used 
67 BIOi: "Not" Block 1/0 Input 

(21 MX E-Series only) 
69 -12V 70 -12V 
71 Not Used 72 Not Used 
73 SFSB: Skip if Flag is Set Buffered 74 IOB15: 1/0 Bus output, bit 15 

(21 MX M-Series only) 
73 BIOO: "Not" Block 1/0 Output 

(21 MX E-Series only) 
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Table 4-1. 1/0 Signal Definitions and Connector Pin Assignments (Continued) 

PIN SIGNAL MNEMONIC PIN SIGNAL MNEMONIC 
NO. AND DEFINITION NO. AND DEFINITION 

75 Not Used 76 Not Used 
77 IOB4: 1/0 Bus input, bit 4 78 10812: 1/0 Bus input, bit 12 
79 IOB13: 1/0 Bus input, bit 13 80 IOB5: 1/0 Bus input, bit 5 
81 IOB6: 1/0 Bus input, bit 6 82 10814: 1/0 Bus input, bit ·14 
83 IOB15: 1/0 Bus input, bit 15 84 1087: 1/0 Bus input, bit ·7 
85 GND: Ground 86 GND: Ground 

Notes: 1. The following pins are connected together in pairs on each 1/0 backplane connector: 1 and 2; 39 and 40; 43 
and 44; 47 and 48; 69 and 70; and 85 and 86. 

2. Corresponding IOB bit lines are connected together on each 1/0 backplane connector (i.e., pins 26 and 35 are 
connected together, pins 29 and 38 are connected together, etc.). 

3. Refer to Section VI of this manual for additional information on the block 1/0 signals on connector pins 18, 67, 
and 73. 

4. Refer to Appendix B of this manual for more detailed signal descriptions. 

4-4. TYPICAL APPLICATION 

As an aid toward a better understanding of how the 1/0 
Section timing scheme works, a typical application using 
the HP 12597 A 8-Bit Duplex Register Interface PCA will 
be discussed in the following paragraphs. (A more detailed 
discussion of interface PCA basic element requirements 
and how to design your own interface PCA is contained in 
Section V.) As shown in figure 4-6, the 8-bit duplex regis­
ter interface PCA contains both input and output buffer 
storage for up to eight bits of control information, com­
mand information, or data. It also contains control logic to 
provide start and/or stop commands to the 1/0 device and 
flag logic to signal the computer when the 1/0 device is 
ready to perform its function. 

4-5. SAMPLE PROGRAMS 

Tables 4-2 and 4-3 contain sample programs that illus­
trate methods of programming the interface PCA using 
assembly language subroutines. (To satisfy the addressing 
requirements discussed in Section III, the interface PCA is 
arbitrarily assigned the select code of 15 octal.) The sam­
ple programs are designed only to exercise the interface 
PCA functions and do not apply to any specific 1/0 device. 
Table 4-2 provides sample programs for input and output 
operations. Table 4-3 provides a sample program for a 
combined input and output operation. (The use of a control 
word to the device and a status word from the device in 
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table 4-3 is for example purposes only. Data can be substi­
tuted in place of the control and/or status words without 
changing the programming technique.) 

4-6. FUNCTIONAL OPERATION 

A flowchart illustrating the functional operation of the 
interface PCA during a typical 1/0 operation is contained 
in figure 4-7. The programmed instructions shown on the 
flowchart are basically the same as those used in the 
combined 1/0 sample program contained in table 4-3. The 
sequence of events illustrated in figure 4-7 is as follows: 

a. Data or control information is transferred from the 
computer's A-register to the interface PCA's output 
data register. 

b. The I/O device is commanded to accept the data or 
control information and perform its function. 

c. The computer waits for the I/O device to complete its 
operation. 

d. The I/O device transfers a status word or data to the 
interface PCA's input data register and signals that 
its operation is complete. 

e. The status word or data is transferred from the inter­
face PCA's input data register to the computer's 
B-register. 
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Figure 4-6. Duplex Register Interface PCA Simplified Logic Diagram 
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Table 4-2. Sample Input and Output Programs 

0001 ASMB,A,B,L,T 
0002* 
0003 00100 ORG 100B 
0004 00100 000000 START NOP 
0005* 
0006* 
0007* 
0008* 
0009* 
0010* 
0011 * 
0012* 
0013* 
0014* 
0015 
0016 
0017 
0018 
0019 
0020 
0021* 
0022* 
0023* 
0024* 
0025* 
0026* 
0027* 
0028 
0029 
0030 
0031 
0032 
0033 
0034* 
0035* 
0036 

THE FOLLOW I NG ROUTINES ARE SAMPLES TO SHOW THE OPE RAT ION OF THE 
8-BIT DUPLEX REGISTER GENERAL PURPOSE INTERFACE. THE INTERFACE 
HAS BEEN ARBITRARILY ASSIGNED A SELECT CODE OF 1 5 OCTAL. 

00101 
00102 
00103 
00104 
00105 
00106 

00107 
00110 
00111 
00112 
00113 
00114 

INPUT ROUTINE 

000000 
1 0371 5 
102315 
024103 
102515 
124101 

INPT 

OUTPUT ROUTINE 

000000 
102315 
024110 
102615 
103715 
124107 

OUT PT 

THIS ROUTINE WILL START THE DEVICE, WAIT 
FOR THE DEVICE TO SUPPLY ONE 8-BIT WORD, 
AND PUT THAT WORD INTO THE COMPUTER'S 
A-REGISTER. 

NOP 
STC 
SFS 
JMP 
LIA 
JMP 

15B, c 
15B 
* -1 
15B 
I NPT, I 

ENTRY PO I NT. 
START DEV I CE AND ENABLE FLAG LOGIC. 
HAS DEV I CE SUPPL I ED A WORD? 
NO. WAIT. 
YES. PUT WORD IN A-REGISTER. 
EXIT. 

THIS ROUTINE WILL WAIT FOR THE DEVICE TO 
SIGNAL THAT IT IS NOT BUSY, TRANSFER AN 
8-BIT WORD FROM THE A-REGISTER TO THE 
DEV I CE, AND START THE DEV I CE. 

NOP 
SFS 
JMP 
OTA 
STC 
JMP 

15B 
*-1 
15B 
15B,C 
OUT PT, I 

END START 

ENTRY PO I NT. 
IS DEVICE READY? 
NO. WAIT. 
YES. PUT WORD IN OUTPUT REGISTER. 
START DEV I CE AND ENABLE FLAG LOGIC. 
EXIT. 

** NOERRORS* 

0001 
0002* 

Table 4-3. Sample Combined I/O Programs 

ASMB,A,B,L,T 

0003 00100 ORG 100B 
START NOP 0004 00100 000000 

0005* 
0006* 
0007* 
0008* 
0009* 
0010* 
0011* 
0012* 
0013* 
0014* 
0015* 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023* 
0024* 
0025 

THE FOLLOW I NG ROUT I NE IS A SAMPLE TO SHOW COMB I NED INPUT I OUTPUT 
CAPABILITIES OF THE 8-BIT DUPLEX REGISTER INTERFACE. THE 
INTERFACE HAS BEEN ARBITRARILY ASSIGNED A SELECT CODE OF 15 OCTAL. 

00101 
00102 
00103 
00104 
00105 
00106 
00107 

TH IS ROUT I NE WI LL TRANSFER AN 8-B IT CONTROL WORD FROM THE 
A-REGISTER TO THE DEVICE, START THE DEVICE, AND TRANSFER AN 
8-BIT STATUS WORD FROM THE DEVICE TO THE B-REGISTER WHEN 
THE DEV I CE OPERATION IS COMPLETE. 

000000 
102615 
103715 
1 02315 
024104 
106515 
124101 

1/0 NOP 
OTA 
STC 
SFS 
JMP 
LIB 
JMP 

15B 
15B,C 
15B 
* -1 
15B 
I 10, I 

END START 

ENTRY PO I NT. 
PUT CONTROL WORD IN OUTPUT REGISTER. 
START DEV I CE AND ENABLE FLAG LOGIC. 
IS DEV I CE OPE RAT ION COMPLETE? 
NO. WAIT. 
YES. PUT STATUS WORD IN B-REG I STER. 
EXIT. 

** NO ERRORS* 
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4-7. INPUT OPERATIONS. A combined STC and 
CLF instruction (STC XX,C) from the computer addressed 
to the select code of the interface PCA initiates the input 
of an 8-bit data or status word from the I/O device. As a 
result of this instruction, the interface PCA receives the 
IOG, SCM, SCL, STC, and CLF signals at the times 
specified in figures 4-5 and 4-6. As shown in figur.e 4-6, the 
STC signal sets the Command flip-flop which applies a 
Device Command (start) signal to the I/O device to initiate 
its input operation. Simultaneously, the CLF signal resets 
the Flag flip-flop to prevent an interrupt signal from being 
sent to the computer before the I/O device has transferred 
data to the interface PCA. (A detailed discussion of re­
quired flag and interrupt circuits is contained in 
Section V.) 

When the I/O device is ready to transfer data to the inter­
face PCA, it generates a Device Flag (done) signal which 
resets the Command flip-flop, sets the Flag flip-flop, and 
latches the eight bits of Output Data into the input data 
register. The timing of the flag logic at this point is depen­
dent on the timing of the I/O device and is not related to 
the computer's I/O Section timing. The ENF signal gener­
ated by the computer every I/O cycle at time T2 is com­
bined with an output signal from the interface PCA's Flag 
Buffer flip-flop to set the Flag flip-flop. This action 
synchronizes the effect of the Device Flag signal by allow­
ing the Flag flip-flop to be set only at time T2. When the 
Flag flip-flop is set, the interface PCA flag logic generates 
the SKF signal that indicates to the computer that the I/O 
device has completed its operation and that the Output 
Data is in the input data register waiting to be transferred 
into the computer. 

If the computer is programmed to wait for the Flag flip­
flop to be set (e.g., an SFS instruction followed by a 
JMP*-1 instruction), the resulting SFS signal gated with 
the set output of the Flag flip-flop generates the SKF 
signal as shown in figure 4-6. It should be noted that the 
SKF signal can also be generated when the Flag flip-flop 
is reset by programming an SFC instruction. Either way, 

Computer Timing 

the state of the Flag flip-flop is monitored and the com­
puter must be programmed accordingly. 

If the computer interrupt system has been enabled by a 
programmed STF 00 instruction as listed in table 4-4, the 
computer can be doing work in the program rather than 
waiting for the Flag flip-flop to be set. Then, when the I/O 
device completes its operation (Flag flip-flop set), the IEN 
signal is true, the Control flip-flop is set, and no device 
with a higher priority has requested an interrupt (the 
PRH signal is true), the interface PCA's IRQ flip-flop will 
be set at the following T5 time (SIR) which generates the 
FLG and IRQ signals. These signals are used by the com­
puter to generate an interrupt request signal. After the 
interrupt is initiated, the next T2 time (ENF) resets the 
IRQ flip-flop and, ifthe PRH signal is still true, the follow­
ing T5 time (SIR) sets it again. This time the resulting 
FLG and IRQ signals are used by the computer to encode 
the interrupt address. The next 1/0 cycle is controlled by 
the instruction stored at the interrupt location in com­
puter memory. During this cycle, an IAK signal resets the 
interface PCA Flag Buffer flip-flop and the ENF signal 
resets the IRQ flip-flop. The Flag flip-flop remains set to 
inhibit lower priority interrupts by providing a false PRL 
signal. A CLF instruction must oe programmed to reset 
the Flag flip-flop and enable lower priority interrupts just 
before leaving the interrupt subroutine. 

As previously discussed, the Device Flag signal latches 
the Output Data from the I/O device into the input data 
register and the interface PCA logic generates the re­
quired signals to indicate to the computer that the infor­
mation is waiting to be transferred. The computer will 
now accept the data from the input data register by out­
putting a programmed LIA, LIB, MIA, or MIB instruction 
addressed to the select code of the interface PCA. As a 
result of any one of these instructions, the IOG, SCM, and 
SCL signals are again applied to the interface PCA along 
with the IOI signal. The IOI signal gates the contents of 
the input data register onto data lines IOBO through IOB7 
and into the computer via the I/O bus. This completes one 
input operation with the 8-bit data or status word supplied 
by the I/O device now stored in the A- or B-register. 

Table 4-4. Interrupt-Method Input Routine 

INSTRUCTION FUNCTION 

STF 00 Enables interrupt system. 

STC SC,C Clears interface PCA's Flag flip-flop and starts 1/0 device operation. 

JMP Initiates jump to a different subroutine or program. 

When a program interrupt occurs, a JSB, I instruction in the trap cell produces a program jump to the remainder of 
the 1/0 subroutine listed below. 

NOP Entry point. 

LIA SC Transfers data from interface PCA into A-register. 

STA XX Transfers data from A-register into memory. (XX denotes assigned memory 
storage location.) 
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4-8. OUTPUT OPERATIONS. Output operations 
are essentially the same as input operations as far as the 
interface PCA is concerned. The primary differences are in 
the sequence of events and the use of the output data 
register instead of the input data register. Output opera­
tions require that the Flag flip-flop first be checked to 
ensure that the I/O device is not busy from some previous 
operation. The Flag flip-flop can be monitored by the SKF 
signal (interrupt system not enabled), or by the FLG and 
IRQ signals (interrupt system enabled) in the same man­
ner as during input operations. If the 1/0 device is busy, 
the output operation must wait until the 1/0 device 
finishes and sets the Flag flip-flop as previously discussed. 

After the computer has determined that the 1/0 device is 
not busy, the output operation can be initiated by either a 
programmed OT A or OTB instruction addressed to the 
select code of the interface PCA. As a result of either of 
these instructions, the JOG, SCM, and SCL signals are 
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applied to the interface PCA along with the IOO signal 
which latches the 8-bit data or control word from data 
lines IOBO through IOB7 into the output data register. 
The computer program must now issue a combined STC, 
CLF instruction (STC XX,C) to the interface PCA. The 
STC instruction sets the Command flip-flop which applies 
the Device Command signal to the 1/0 device indicating 
that data is available for transfer. The STC instruction 
also sets the Control flip-flop which provides the enabling 
signal for the interrupt control logic. The CLF instruction 
resets the Flag flip-flop to prevent an interrupt signal 
from being sent to the computer before the 1/0 device has 
accepted the data from the output data register and per­
formed its operations. When the 1/0 device finishes, it 
returns the Device Flag signal to the interface PCA and 
sets the Flag flip- flop; the interface PCA then initiates an 
interrupt signal to the computer indicating that the 1/0 
device is ready to accept additional information as previ­
ously discussed. This completes the output operation. 
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4-9. DUAL-CHANNEL PORT CON­
TROLLER (DCPC) TIMING 

As discussed in Section III, the DCPC allows the user to 
initiate high-speed block word transfers between selected 
I/O devices and memory. The DCPC then controls the I/O 
device during the transfers, stealing memory and I/O 
cycles from the CPU, but not requiring CPU intervention 
until completion of the transfer. The DCPC is capable of 
stealing every consecutive I/O cycle. When the DCPC is 
operating, it takes priority over the CPU for both memory 
accesses and control of the I/O Section by generating all 
appropriate I/O signals. The CPU may not access memory 
or initiate an I/O cycle during a DCPC cycle. The DCPC 
data transfers are initiated by an initialization routine 
and then hardware controls the transfers automatically. 
No additional programming other than that discussed in 
Section III is required. Although the DCPC is designed to 
operate with I/O devices capable of handling high-speed 
data transmissions, it should be noted that it can be used 
with slower-speed devices if it is desirable to free these 
devices from program control. (Refer to paragraph 6-14.) 

DCPC timing is derived from the control processor 
crystal-controlled oscillator and is decoded into five 
T-periods designated T2, T3, T4, T5, and T6. These five 
T-periods comprise one DCPC cycle as shown in figure 4-8. 
(For HP 21MX M-Series Computers, the duration of one 
DCPC cycle is 1.625 microseconds. For HP 21MX E-Series 
Computers, the duration of one DCPC cycle is typically 
from 1.00 to 1.16 microseconds.) Figure 4-8 provides a 
timing diagram for the DCPC during a DCPC cycle. The 
timing diagram shows both input and output control sig­
nals, but it should be noted that the operations require 
separate initialization routines as discussed in section III. 
It should also be noted that some of the DCPC generated 
I/O instruction T-period times differ from standard I/O 
instruction times. (See figure 4-5.) In addition to I/O in­
struction signals, figure 4-8 also shows DCPC generated 
signals that prevent interference by the CPU and that 
help control data transfers when the DCPC is stealing I/O 
cycles. The definition and purpose of these signals are as 
follows: 

SRQ: 

DMAIOI: 

IOI: 

4-14 

"Service Request". Used to notify com­
puter that the I/O device is ready for a 
data transfer. Initiates DCPC cycle and 
prevents any further processing of pro­
grammed instructions by the computer 
until the DCPC cycle is complete. 

"Direct Memory Access I/O Input". Used 
to gate data on the I/O bus onto the S-bus 
during a DCPC input transfer. 

"I/O Data Input". Used to gate data from 
the interface PCA onto the I/O bus dur­
ing a DCPC input transfer. 

DMALCH: 

DMAIOO: 

IOO: 

EDT: 

CLF: 

STC: 

CLC: 

M/E 

"Direct Memory Access Latch". Used to 
hold data on the I/O bus through the 
completion of a DCPC output transfer. 
Latches the I/O bus onto itself. 

"Direct Memory Access I/O Output". 
Used to gate data on the S-bus onto the 
I/O bus during a DCPC output transfer. 

"I/O Data Output". Used to gate data 
from the I/O bus to the interface PCA 
during a DCPC output transfer. 

"End Data Transfer". Used to notify the 
I/O device that the number of words 
specified in the programmmed block 
length have been transferred. Signifies 
the end of a DCPC transfer. 

"Clear Flag". Used to clear (reset) inter­
face PCA Flag flip-flop. 

"Set Control". Used to set interface PCA 
Control flip-flop. 

"Clear Control". Used to clear (reset) 
interface PCA Control flip-flop. 

The DCPC cycle is initiated when the selected I/O device 
signals that it is ready for a data transfer with an SRQ 
signal (figure 4-8) from its interface PCA at time T2. Dur­
ing input transfers, the IOI signal gates input data from 
the interface PCA onto the I/O bus and the DMAIOI signal 
transfers the data from the I/O bus onto the S-bus and into 
memory. At time T3, the CLF signal causes the SRQ 
signal to go false and the STC signal, if selected during 
initialization, restarts the I/O device for the next data 
transfer. The CLC signal, if selected during initialization, 
disables the I/O device at the end of the data block trans­
fer. This completes the input DCPC cycle for the transfer 
of one block of data. During output transfers, the SRQ 
signal performs the same function previously discussed for 
input transfers. At time T3 during the DCPC cycle, the 
DMAIOO signal gates the data read from memory from 
the S-bus to the I/O bus. The DMALCH signal holds the 
data on the I/O bus until it is transferred to the interface 
PCA output data register by IOO. The CLF signal again 
causes the SRQ signal to go false and the STC signal, if 
selected during initialization, causes the I/O device to ac­
cept the data from the interface PCA. (Depending on I/O 
device characteristics and its associated interface PCA, 
the STC signal may or may not be required.) This com­
pletes the output DCPC cycle for one data word transfer. 
As previously discussed, the DCPC Word Count Register 
is incremented every DCPC cycle thereby effectively 
counting the number of words transferred into or out of 
memory. When the counted number of transferred words 
equal the number of words specified in the programmed 
block length, the Word Count Register generates a carry 
signal that initiates the DCPC interrupt logic which in­
cludes the generation of the EDT signal for the I/O device. 
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DESIGNING INTERFACE , l'UllM11 
PCA s I v I 

This section contains information for designing special 
purpose I/O interface PCA's. Unless otherwise specified, 
the contents of this section apply equally to the HP 21MX 
M-Series and HP 21MX E-Series Computers. 

5-1. INTRODUCTION 

An I/O interface PCA must provide the circuits through 
which data can be transferred between the computer and 
an external I/O device. It must also provide the circuits 
required to control the I/O device from commands received 
from the computer. A typical interface PCA may contain 
as many as 16 buffers for temporary storage of data both to 
and from the 1/0 device. The number of buffers contained 
on a particular interface PCA depends on its associated 
I/O device. Some 1/0 devices require the capability of in­
terrupting the computer program while for others, this 
capability is not necessary. Some 1/0 devices require con­
trol signals for the movement of tape, etc., and some re­
quire special timing signals. Some 1/0 devices require 
more than one interface PCA. There are many special 
cases in which unique types of controls or other criteria 
dictate the need to design and fabricate a special 1/0 inter­
face PCA. Due to the very nature of special purpose inter­
facing, no detailed step-by-step procedures for the best 
design can be given. Only a study of the computer and 1/0 
device mutual requirements can produce the ultimate de­
sign. Therefore, the information presented in this section 
should be used as guidelines around which to base your 
own interface design. 

5-2. 1/0 SECTION INTERFACING 

5-3. 1/0 INTERFACE PCA 
SPECIFICATIONS 

The required dimension specifications for 1/0 interface 
PCA's are illustrated in figure 5-1. The PCA shown in 
figure 5-1 is a typical Hewlett- Packard interface PCA and 
is illustrated from the ·Component side of the PCA. Unless 
otherwise specified, the dimensions shown in figure 5-1 
are symmetrical. The PCA thickness must be 0.059 
± 0.006 inch (1.50 ± 0.15 millimeters) although the com­
puter's I/O backplane assembly connectors can accept a 
thickness up to 0.071 inch (1.80 millimeters). The center­
to-center spacing of connector pins is 0.156 inch (3.96 
millimeters). 

One end of the interface PCA has 86 printed-circuit paths, 
43 on each side of the PCA. This end of the PCA (usually 
designated Pl) connects into the computer's 1/0 backplane 

assembly connector to transfer signals to and from the 
computer. The circuit path pin numbers on Pl correspond 
to the pin numbers on each of the 1/0 backplane assembly 
connectors. Odd-numbered pins 1 through 85 are on the 
component side of the PCA and even-numbered pins 2 
through 86 are on the other side of the PCA. 
Consecutively".'numbered pins are directly opposite each 
other on the PCA; e.g., pins 1and2 are on opposite sides of 
the PCA. Pin number assignments on this end of the PCA 
are identical for all 1/0 interface PCA's to permit the 
placement of any 1/0 interface PCA in any of the 1/0 
backplane assembly connectors. A complete list of the 
signals assigned to the pin numbers on this end of the PCA 
is contained in table 4-1. It should be noted that table 4-1 
lists all available pin assignments and that an individual 
interface PCA may not necessarily use all the signals 
listed. 

The other end of the PCA shown in figure 5-1 is usually 
designated Jl and typically has 48 printed-circuit paths, 
24 on each side of the PCA. (The number of circuit paths 
for connector Jl is determined by the number of signal 
lines required for the 1/0 device.) The hood connector of 
the interconnecting cable between the interface PCA and 
its associated I/O device connects onto this end of the PCA. 
The circuit-path pin number positions on Jl correspond to 
the pin number positions on all standard HP interface 
cable hood connectors. Pins 1 through 24 are on the com­
ponent side of the PCA and consecutively-lettered pins A 
through BB (letters G, I, 0, and Qare omitted) are on the 
other side of the PCA. Pins 1 and A are on opposite sides of 
the PCA and pins 24 and BB are on opposite sides of the 
PCA. Pin assignments and signals between this end of the 
PCA and its 1/0 device are completely open to the discre­
tion of the PCA's designer. 

5-4. HP BREADBOARD INTERFACE KIT 

To facilitate 1/0 interface PCA design, Hewlett-Packard 
can furnish a breadboard interface kit that includes a 
breadboard-type 1/0 interface PCA equipped with the TTL 
flag and interrupt circuits required to interface unique 1/0 
devices with the HP 21MX M- and E-Series Computers. 
The breadboard interface kit also includes a connector kit 
for fabricating the 1/0 device interface cable. The supplied 
interface PCA provides space for sixty 14-pin or 16-pin 
integrated circuit components, 11 of which are occupied by 
the flag and interrupt circuit components. The PCA also 
contains 12 test points (TPl through TP12) to monitor the 
operation of the flag and interrupt circuits. The test points 
are defined in table 5-1. The PCA circuit path pin num­
bers are compatible with the computer 1/0 backplane con­
nector pin numbers listed in table 4-1. (For additional 
information refer to the HP 12620A Breadboard Interface 
Kit Operating and Service Manual, part no. 12620-90001.) 
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Designing Interface PCA's 

A logic diagram of flag and interrupt circuits supplied on 
the HP 12620A Breadboard Interface Kit's interface PCA 
is contained in figure 5-2. This diagram should be used as 
a guide when designing any interface PCA for an 1/0 
device that requires flag and interrupt circuits. All inte­
grated circuit components shown in figure 5-2 are iden­
tified by reference designators (e.g., U25). Hewlett­
Packard part numbers for these components and corre­
sponding commercially available versions are listed in 
table 5-2. 

The following discussion describes the operational rela­
tionship between the flag and interrupt circuits illus­
trated in figure 5-2 and the computer's 1/0 Section timing 

1 (A) 
2(8) 

8-11/16 , ___________________ (220.7) 

M/E 

discussed in Section IV. The Flag Buffer flip-flop is set 
whenever a Device Flag signal from the I/O device is 
received at TPl indicating that the device requires ser­
vice. When set, the Flag Buffer flip-flop sets the Flag 
flip-flop when the ENF signal is received at time T2. With 
the Control flip-flop set by the STC signal from the com­
puter program and the Flag flip-flop set, the Flag flip-flop 
disables the PRL signal to the lower priority (higher select 
code) devices at time T2. This prevents an interrupt by a 
lower priority 1/0 device. If a higher priority device has 
not disabled the interrupt circuit with the PRH signal, the 
outputs of the Flag Buffer flip-flop and Flag flip-flop set 
the Interrupt Request CIRQ) flip-flop when the SIR signal 
is received at time T5. When set, the IRQ flip-flop enables 
the FLG and IRQ signals that initiate an interrupt. 

-~---~------- _____ , ______________________ ___.,_ 

1 (2) 

3(4) 

COMPONENT SIDE P1 

7-3/4 

(196.9) 

J1 

23(AA) 

1-5/16 

(49.2) 

0330-9 
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HOLE DIAMETER 
1/16 (1.6) 

L5/32 
(4.0) 

NOTE: 

83(84) I 
85(86) __ t 

1/2 
(12.7) 

t 
ALL DIMENSIONS ARE IN INCHES AND (MILLIMETERS). 

Figure 5-1. 1/0 Interface PCA Dimensions. 
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Table 5-1. Flag and Interrupt Circuit Test Point Definitions 

TEST 
POINT FUNCTION 

TP1 Device Flag signal. Input signal is ground true. A ground sets the Flag Buffer flip-flop. 
Signal must remain true for at least 0.20 microsecond and must not exceed 
2.5 microseconds. 

TP2 ENF signal. Signal is positive true during time T2 and is used to gate Flag Buffer flip-flop 
output into Flag flip-flop. 

TP3 SIR signal. Signal is positive true during time TS and is used to enable inputs into 
I RQ flip-flop. 

TP4 STC signal. Signal is ground true during a Set Control instruction addressed to the select 
code of the PCA. 

TP5 CLC signal. Signal is ground true during a Clear Control instruction addressed to the 
select code of the PCA. 

TP6 CRS signal. Signal is ground true at power turn-on, when computer front panel 
PRESET switch is pressed, or when a CLC 00 instruction is executed. 

TP7 Flag Flip-Flop Set signal. Signal is positive true when Flag flip-flop is set. 

TP8 Flag Flip-Flop Reset signal. Signal is positive true when Flag flip-flop is reset (clear). 

TP9 Decoded Address signal. Signal is positive true when 1/0 instruction selects the PCA. 

TP10 
thru 

TP12 
Signal ground for oscilloscope ground probe. 

At time T2 of the next I/O cycle, the ENF signal resets the 
IRQ flip-flop and the following SIR signal sets the IRQ 
flip-flop again at time T5. This time, the output signal 
from the Flag flip-flop generates the SRQ signal for the 
DCPC cycle. During the first I/O cycle of an interrupt, the 
output of the IRQ flip-flop and the IAK signal reset the 
Flag Buffer flip-flop. At time T2 of the interrupt, the ENF 
signal resets the IRQ flip-flop and the computer interrupts 
its program and services the interface PCA by addressing 
the trap cell corresponding to the PCA's address. Clearing 
the Flag Buffer flip-flop prevents the IRQ flip-flop from 
setting during the next time T5 which prevents the gener­
ation of another IRQ signal from the same Device Flag 
signal. 

5-5. I/O INTERFACE PCA DESIGN 

5-6. INITIAL CONSIDERATIONS. The first step 
in designing an interface PCA is to draw a logic diagram 
of the PCA. Therefore, what is needed first is a list of the 
functions that must be present on the PCA. To make up 
this list, a careful study of all interface requirements is 
necessary. Consider questions such as the following: 

a. What kind of data registers are required? Will the 
register be used for output only (to I/O device), input 
only (from I/O device), or will two or more registers be 

required to handle both output and input operations? 
How many flip-flops will be required to store all bits? 
Are any registers required at all? This may be the 
case if, for example, the I/O device has its own storage 
facilities. In this case, only a row of gates with a 
strobe input for IOI and/or IOO may be required. In 
most cases, however, interface PCA storage capability 
is recommended for greater system flexibility. 

b. What commands are required? The flag and control 
logic set and clear states normally provide for a com­
mand sequence as follows: start device (Control flip­
flop set), device busy (Flag flip-flop clear), device op­
eration complete (Flag flip-flop set), and stop device 
(Control flip-flop clear). Is this sequence adequate? 
Are other commands such as tape rewind, upper/ 
lower-case shift, mode switching, etc., required? If so, 
a command register may be required to accept com­
mand words from the computer. The reverse situation 
of the computer being slaved to or commanded by the 
I/O device is also possible. In this case, an input com­
mand register may be required. Perhaps no control 
lines at all are required for the I/O device. On input, 
for example, a computer program may simply require 
the current value of a count-accumulating I/O device. 
The computer need not command the I/O device to 
read, and the I/O device need not have to inform the 

·5.3 
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c. 

5-4 

computer that data is ready for transfer. Conversely, 
on output, data may simply be presented to the I/O 
device without any accompanying commands. For 
example, this would be possible if the I/O device was a 
display unit or a device interlocked with some other 
program-synchronized device (e.g., a scanner­
voltmeter relationship). In most cases, the recom­
mended approach is to have the computer and I/O 
device completely interlocked so that each knows 
exactly what the other is doing. 

Are m~ltiple interface PCA's required? More than one 
interface PCA may be required if the involved logic is 
complex or if more than one address is required. It 
should be noted that one interface PCA can use two 

BREADBOARD WITH FLAG ANO INTERRUPT !5060 6282 REV 10121 

I 15K -- ------

addresses, but to do so, the next higher I/O slot must 
be occupied by a priority jumper PCA. 

d. How much work should be required of the interface 
PCA? Perhaps it may be more efficient to use the 
interface PCA merely to transmit data and command 
information to an intermediary device for the transla­
tion of complex operations that otherwise could not be 
physically designed into the interface PCA. 

e. What type of logic is to be used? TTL integrated cir­
cuits are recommended for the logic design of the 
interface. Although the driving signals to the I/O bus 
require CTL characteristics they should be designed 
with TTL integrated circuits that exhibit CTL charac­
teristics. 
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NOTES 
1 UNLESS OTHERWISE SPECIFIED, All RESISTANCES ARE IN 

OHMS AND All CAPACITANCES ARE IN MICAOFAAAOS. 
2 ~~~~T~~~R5CUIT PACKS OCCUPY 11 OF THE 60 POSSIBLE 

J UNLESS OTHERWISE SPECIFIED. PIN DESIGNATIONS REFER 
TO THE BS.PIN CONNECTOR 
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Figure 5-2. Flag and Interrupt Circuits Logic Diagram 
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Table 5-2. Flag and Interrupt Logic 
Component Identification 

REFERENCE HP COMMERCIAL 
DESIGNATOR PART NO. EQUIVALENT 

U14 thru U16 1820-0956 Fairchild SL3459 

U24,26,36,45,46 1820-0054 Texas Instruments SN4342 

U25 1820-0069 Sprague Electric USN7420A 

U34,35 1820-0068 Texas Instruments SN7410N 

5-7. COMPUTER BACKPLANE ASSEMBLY 
REQUIREMENTS. The following paragraphs contain 
logic component selection rules and recommendations for 
designing interface PCA's. 

5-8. Interface PCA Signal Receiving. All I/O 
signals from the computer backplane assembly are 
emitter-follower driven. A high signal 3tate is indicated 
when the signal source drives current along the signal 
line. A low signal- state is indicated when no current is 
driven. 

A review of available TTL logic families will indicate that 
the receiving gate cannot be a high-speed (H) or high­
speed Schottky clamped (S) design because of the imposed 
low-value R restriction. Standard TTL receiving gates 
have been used for earlier I/O interface PCA designs and 
are still valid. However, for new designs, low-power 
Schottky (LS) components are recommended. These com­
ponents require less power than standard TIL and are 
somewhat faster. Low-power Schottky Schmitt trigger 
gates are also recommended for backplane buffering and 
greater noise immunity. An accompanying R value of 
4. 7K ohms will place less demand on the backplane as­
sembly drivers and reduce backplane switching current. 

A valid interface PCA receiving circuit is either a TTL 
74XX or 9XXX series gate. When receiving into TTL, a 
resistor pull to - 2V is required to prevent input low cur­
rent (luJ from the receiver from draining back onto the 
signal line and lifting it to a marginal logic level. (See 
figure 5-3.) Compute the largest resistance value required 
to keep the signal line at a low potential as follows: 
R = 2V/I1L On, obtained from manufacturers specifica­
tions). If an interface PCA is designed with multiple re-

0330-10 

BACKPLANE 
ASSEMBLY DRIVER 

flmERFACEPCA - - - - - - - - -

I 
I 
I 
I 
I 
I 

! R r--
1 
I -2V 
I 
L--------------

Figure 5-3. Valid Interface PCA TTL Receiver 
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ceiving devices in parallel, or using individual gates that 
have a large I1L, a small value of R is required. Like earlier 
HP computers, the backplane assembly drivers can only 
source a finite guaranteeable current; therefore, the value 
of R must be restricted to a value of not less than 1.5K 
ohms. (When receiving into CTL, the pulldown resistor 
associated with the computer's backplane assembly driver 
is adequate to keep the signal line at a low potential.) 

5-9. Interface PCA Signal Driving. Signals gen­
erated on the interface PCA for the computer must be 
capable of sourcing current through a resistive load to a 
- 2V supply and must deliver an input high current (Irn) 
adequate to turn on computer high-impedance input stage 
drivers to a logical "1" level as shown in figure 5-4. These 
signals are typically emitter-follower and OR-tieable, but 
the required current and characteristics of the line are 
dependent on the signal itself. Worst-case current loading 
in the computers and associated extenders signal lines are 
listed below. Signals marked by an asterisk need not be 
OR-tieable. 

Signal Mnemonic 

IOBI 
IRQ 
FLG 
SRQ* 
SKF 
PRL* 

8T13/75121 

INTERFACE PCA 
DRIVER 

0330-11 

1---

Current Load 

60 mA 
15 mA 
15 mA 
10 mA 
10 mA 
6 mA 

r--------------
1 COMPUTER 

I 
I 
I 
! BACKPLANE llH 

I 

I 
I 
I 
I 
I 
I -2V 

L--------------

Figure 5-4. Valid Interface PCA Driver Circuit 

CTL components (956 and 856 gates) should be avoided as 
drivers since these devices require high supply current (up 
to 70 mA per package) and have low switching thresholds 
(1.0V). A better component for signal driving is the 8T13 
or 75121 (Signetics Corp.) line driver (HP part no. 1820-
1080). Special applications such as the SRQ and PRL lines 
that need not be OR-tieable can be inexpensively designed 
by using the circuits illustrated in figure 5-5. 

5-10. 1/0 Run Signal. For HP 21MX M-Series 
Computers, the I/O backplane assembly Run signal (con­
nector pin 50) is an emitter-follower image of the state of 
the computer's Run flip-flop. The signal is high when the 
computer is running and low when halted. For HP 21MX 
E-Series Computers, the Run signal line is a two-way 
communication link that can be used for remote control of 
an unattended or inaccessible computer. This feature is 
called "remote program load" and is discussed in the HP 
21MX E-Series Computer Operating and Reference 
Manual, part no. 02109-90001. With this capability, an 

5-5 
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~nITT~PcA---------------1 
I I +5V I 
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Figure 5-5. Valid Interface PCA PRL 
and SRQ Line Drivers 

:VO device can pull down on the high Run line, reset the 
computer's Run flip-flop, and return the computer to its 
halt microroutines. To achieve this hardware capability 
inexpensively, a circuit similar to that shown in figure 5-6 
can be designed into the interface PCA. When the transis­
tor's base is driven, its collector must sink up to 250 mA 
while it is in conflict with the 8Tl3 driving the Run line. 
The computer detects this conflict and clears its Run 
flip-flop. 

5-11. 1/0 Microprogram Signals. For HP 21MX 
E-Series Computers only, the I/O backplane assembly has 
three microprogram control signal lines available on con­
nector pin numbers 18, 67, and 73. These lines are for use 
in microprogrammed I/O data transfer schemes discussed 
in Section VI. All three lines are ground-true and 
TTL-compatible. 

5-12. POWER CONSIDERATIONS. Power avail­
able for :VO interfacing is listed in table 1-1. Care should 
be taken when using custom-designed interface PCA's 
with high current drains not to exceed specified current 
limits. It should be remembered that the actual current 
available for I/O interfacing is the maximum current 
listed in table 1-1 reduced by the current drain of any 
options or accessories installed in the computer. 

COMPUTER 

8T13 

-2V 

0330-13 

I 
INTERFACE PCA I 110 

I DEVICE 

I 
I 
I 

l---+-9---1\J\Ar-~ >-

-2V 

I 
I 
I 
I 
I 
I 
I 

Figure 5-6. Remote Computer Halt Drive Circuit 
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When using voltages where two pins are provided, use 
both pins for contact. This decreases contact resistance 

·and increases the current capacity of the connection. Due 
to contact capacity, the maximum current that can be used 
on any one interface PCA is 5.0A at+ 5.0V. When measur­
ing current, always use an extender PCA and a clip-on 
ammeter. 

When using certain combinations of I/O devices that have 
high current requirements, the computer's power supply 
may not be adequate. If additional power is required, the 
HP 12979 I/O Extender must be used. The HP 12979 I/O 
Extender is a self-contained unit with a regulated power 
supply independent of the computer's power supply. 
Table 5-3 lists the additional current supplied by the HP 
12979 I/O Extender. 

Table 5-3. I/O Current Availability From I/O Extender 

SUPPLY VOLTAGE CURRENT 

+5V 33.0A 

-2V 5.0A 

+12V 3.5A* 

-12V 3.5A* 

+28V 0.1A 

* 1. 75A available to both front and rear 110 
backplanes. 

5-13. DEVELOPMENT CHECKLIST. The follow­
ing paragraphs outline the sequence of steps that should 
be followed when developing an I/O interface PCA. 

5-14. Draw Initial Logic Diagram. If flag and 
interrupt circuits are to be included on the interface PCA, 
use figure 5-2 as a guide. If required, add an encoding 
flip-flop. For data and/or command word storage, add 
input receivers and storage registers and/or output stor­
age registers and drivers. Refer to paragraphs 5-7 through 
5-9 for receiver and driver selection information. For input 
and/or output storage register selection, the following type 
devices are recommended: 

74LS374 
748374 

74LS37:3 
748373 

74LS175 
748175 

74LS174 
748174 

Octal D-Type Register 
Octal D-Type Register 

Octal D-Type Latch 
Octal D-Type Latch 

Quad D-Type Register 
Quad D-Type Register 

Hex D-Type Register 
Hex D-Type Register 
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The exact logic configuration to be used of course will be 
determined by the associated I/O device's characteristics. 
To complete the logic diagram, add all required control 
lines and timing circuits. 

5-15. Fabricate Working Model. Dep.:nding on the 
number of interface PCA's to be producE:d, the working 
model will be either the final product or a prototype. In 
either case, there are some basic considerations for layout 
that must be observed. Whether using a breadboard or 
creating original printed-circuit artwork, always keep 
signal paths as short as possible. Rework the layout as 
often as required to achive optimum signal path lengths. 
Etch a ground bus around the perimeter of the PCA. Lay 
out the + 5V power bus in a grid pattern so that each 
integrated circuit receives power via the shortest possible 
direct path from connector pin numbers 39 and 40. Use 
0.01 uF ceramic bypass capacitors liberally on the + 5V 
and -2V power busses. No more than three integrated 
circuit packages should be served by one capacitor and no 
length of unbypassed power bus should exceed 3.0 inches 
(76.2 mm). 

5-16. Test Working Model. Initially, test the inter­
face PCA circuit paths for shorts with an ohmmeter. Next, 
connect the interface PCA into any available computer I/O 
slot with an extender PCA, connect the associated I/O 
device to the interface PCA, and energize both the com­
puter and I/O device. Using table 5-4 as a guide, write a 
simple noninterrupt program to operate the device and 
signal check the interface PCA with a logic probe. Note 
that the program listed in table 5-4 assumes that the 
interface PCA is installed in the I/O slot assigned to select 
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code 12 and that the XYZ device is an input device. This 
program will read one value from the XYZ device and then 
halt. The value read will be in the A-register for observa­
tion. Each time the computer's RUN switch is pressed, the 
XYZ device will complete a cycle and then halt. 

If the XYZ device and interface PCA work properly in the 
noninterrupt data transfer mode, the next step is to check 
for proper operation in the interupt mode. Using table 5-5 
as a guide, write a program that checks the interrupt 
capabilities of the interface PCA. When writing this type 
of program, the programmer must ensure that a known 
good instuction is stored in the device interrupt location. 
Any instruction can be placed in the interrupt location 
with the exception of JMP. The program listed in table 5-5 
uses J8B,I to illustrate an interrupt initiated transfer of 
control off the base page. The program uses bit 15 of the 
8-register as the controlling on/off switch and the remain­
ing bits to control the number of cycles the XYZ device 
will make. After bit 15 is checked, a counter is set in the 
interrupt processing subroutine and the device cycle is 
initiated. When the XYZ device cycle is complete, an 
interrupt will occur and the computer will execute the J8B 
LINK,I instruction stored in the interrupt location. This 
instruction transfers control to the subroutine located on 
page 1 and loads the address of the interrupted instruction 
in the subroutine. The subroutine reads the data from the 
interface PCA into the A-register. Next, a small delay is 
programmed into the subroutine to allow 8-register bit 
changes. If bit 15 is set, the operation is terminated and 
the computer halts at the completion of the next interrupt. 
If bit 15 is not set, interrupts will be processed until the 
counter reaches zero at which time the simulated I/Ore­
quest is satisfied. Before attempting to transfer data using 
the interrupt method, review the following information. 

Table 5-4. Interface PCA Test Program 

LABEL OPCODE OPERAND COMMENTS 

ORG 20008 Page 1 origin. 

XYZ EQU 128 Select code of XYZ device. 

CLF 00 Disable interrupt system. 

LOOP STC XYZ,C Start input device. 

SFS XYZ Is device busy? 

JMP * -1 Yes, repeat previous instruction. 

LIA XYZ No, load input data into A-register. 

HLT Halt. 

JMP LOOP Start program again. 

END 

5-7 
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a. The interrupt system is enabled with an STF 00 
instruction. 

b. The interrupt priority linkage cannot be broken. All 
1/0 channels with higher priority than the device 
being tested must be occupied or a special jumper 
PCA installed in place of any missing interface PCA. 

c. No device with higher priority can be left with its 
interface PCA Control flip-flop set. This can create a 
problem similar to a missing interface PCA in the 
priority linkage. To eliminate this possibility, execute 
a CLC 00 instruction or manually press the com­
puter's front panel PRESET switch. 

d. When the computer is in the halt mode, the interrupt 
system is disabled. Therefore, the computer cannot be 
single-cycled through 1/0 operations that use the 
interrupt mode. 

5-8 
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After using programs similar to those contained in 
tables 5-4 and 5-5 to test the interface PCA, write a com­
plete diagnostic program that will exercise every function 
of the interface PCA and associated VO device. This pro­
gram should test whether each function occured as com­
manded and report to the operator via coded halts or 
printed error messages whenever a function fails to occur. 

5-17. Final Test And Production. Perform final 
checkout of the working model under all environmental 
conditions and, if required, update the logic diagram and 
layout drawing. If additional PCA's are to be produced 
from the working model, make final printed-circuit 
artwork and load new PCA's in accordance with the layout 
drawing. Using the diagnostic programs developed in 
paragraph 5-16, test each PCA with the computer and 1/0 
device. Completely check each PCA for marginal signals 
and traces. 
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Table 5-5. Interrupt Test Program 

LABEL OPCODE OPERAND COMMENTS 

ORG 12B Set origin to 12B for JSB,I in the 
JSB LINK,I interrupt location. 

LINK DEF SUBR Interrupt subroutine address. 
ORG 2000B Page 1 origin. 

XYZ EQU 12B Select code of XYZ device. 

START STF 00 Enable interrupt system. 
LIB 1 Set S-register. 
SSB Is S-register bit 15 set? 
ASS 
JMP * -3 No, stay in loop. 
ELB, Yes, clear bit 15. 
CLE, 
ERB 
CMB, Get count negative. 
INB 
STB CNTR 
STC XYZ,C Start input device. 
INB Simulated program in progress. Wait 
JMP * -1 for interrupt. 

Subroutine to process interrupts. 

SUBR NOP Subroutine entry. 
LIA XYZ Load input character into A-register. 
CLB Time delay. 
ISZ 1 

JMP * -1 
ISZ CNTR Increment counter. Finished? 
LIB 1 Get S-register. 

SSB Is bit 15 set? 
JMP *+5 Yes, go to exit. 
CLC XYZ No, clear device. 
HLT Halt on interrupt. 
JMP START Get another request. 
STC XYZ,C Start input device again. 
JMP SUBR,I Return to interrupted point. 

5-9/5-10 
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This section contains a general discussion of multiplexed 
and microprogrammed 1/0 techniques for the HP 21MX 
M-Series and HP 21MX E-Series Computers. The method 
of multiplexing described in this section: is party-line 1/0. 
Two methods of microprogrammed 1/0 are also discussed: 
block 1/0 transfers and Microprogrammable Processor 
Port transfers. The discussions for party-line I/O pertain 
to both the HP 21MX M-Series and HP 21MX E-Series 
Computers. The discussions for microprogrammed 1/0 per­
tain only to the HP 21MX E-Series Computer. In addition, 
this section contains a discussion of special considerations 
required to achieve high-speed DCPC transfers for both 
the HP 21MX M-Series and HP 21MX E-Series 
Computers. 

6-1. PARTY-LINE 1/0 

If a large number of comparatively simple 1/0 devices are 
to be interfaced with the computer, it may be economically 
impractical to provide a separate interface PCA for each 
1/0 device. In this case, party-line 1/0 provides a means of 
multiplexing (switching) each 1/0 device in turn to the 
computer using only those 1/0 signal lines normally as­
signed to a single 1/0 device. The 1/0 signal lines from the 
computer are bused to all 1/0 devices on the party line so 
that the 1/0 devices appear as a single device to the com­
puter. Since the 1/0 signal lines are bused and identically 
available to all 1/0 devices on the party line, each 1/0 
device must have its own controller. The controller must 
decode 1/0 device address and command information from 
the computer, send status information to the computer, 
and maintain overall control of its associated 1/0 device. 

6-2. GENERAL INFORMATION 

The party-line 1/0 described in the following paragraphs 
provides computer control for up to 256 1/0 devices using 
only two interface PCA's. Each I/O device is connected 
party-line style to the interface PCA's through a user­
designed controller. The number of devices that can be 
controlled is strictly a function of control word format. The 
two interface PCA's used in this technique are HP Micro­
circuit Interface PCA's, part no. 12566-60024. The two 
PCA's are identical and one each is supplied as part of an 
HP 12566B-001 Microcircuit Interface Kit. The 16-bit 
registers on the PCA's permit complete bidirectional data 
transfer. The I/O components on the PCA's permit the use 
of voltage levels in the 0 to + 5V range for better noise 
margin and more desirable controller design by the user. 

The two party-line interface PCA's plug into any two adja­
cent 1/0 slots in the computer and the remaining 1/0 slots 
can be used to interface standard 1/0 devices. The 1/0 slot 

positions occupied by the two PCA's establish the priority 
of the party line in relation to other 1/0 devices interfaced 
with the computer. Thus, the user can establish a party­
line priority which is either higher or lower than the 
standard 1/0 devices connected to the computer. Party-line 
operations are performed at slower rates than operations 
using the standard 1/0 channels of the computer. Transfer 
rates of 40 kHz are possible under a noninterrupt mode, 
while rates are limited to 10 to 12 kHz under the interrupt 
mode. The latter rates are reduced mainly by software 
overhead time used in decoding party-line addresses. 

6-3. PRINCIPLES OF OPERATION 

As a guide toward implementing party-line 1/0, the fol­
lowing paragraphs describe a typical party line with the 
addressing capability for 256 devices. This is a completely 
valid example, but it should be noted that this is only one 
of many ways that a party line can be implemented using 
two microcircuit interface PCA's. Another possible config­
uration would be the use of only one PCA, with possibly 
eight bits for data and eight bits for control. 

In this discussion of party-line implementation, one of the 
two interface PCA's will be designated as the Control PCA 
and the remaining PCA as the Data PCA. It is assumed 
that the two PCA's are mounted in two adjacent I/O slots 
of the computer and that an interconnecting cable is con­
nected between each of the PCA's and all 1/0 devices using 
the party line. 

6-4. CONTROL PCA FUNCTIONS. The Control 
PCA contains a 16-bit input register and a 16-bit output 
register. For party-line applications, the register's input 
and output lines are connected together (bit 0 line of the 
input register connected to bit 0 line of the output register, 
etc.) with the interconnecting cable's 24-pin hood connec­
tor that mates with the PCA. Thus, both the input and 
output registers have access to a 16-line control bus. These 
lines are electrically designed to permit an "or-tie" to 
ground by any 1/0 device. Thus, any 1/0 device to which 
this bus is routed can place its signal on the bus by 
grounding the appropriate wires. These lines must be un­
dergrounded except during actual control information 
transmission. The control word format of the 16-line con­
trol bus is as shown below. 

15 14 8 7 

( 7 bits) 

COMMAND & STATUS 

( 8 bits) 

DEVICE ADDRESS 

0 

The 16-line bus from the Control PCA is available to each 
VO device controller on the party line. Each controller 
must be capable of decoding 1/0 device addresses and 
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commands received from the Control PCA and of sending 
status information back to the computer. The eight bits 
used for the device address permit an addressing capabil­
ity of up to 256 I/O devices. The command and status bits 
are used as indicated in table 6-1. 

In addition to the 16 control bus lines, the Control PCA 
provides the user with an Encode line which is used to 
alert party-line I/O devices that an action is to be taken. A 
Device Flag line is also provided to permit party-line I/O 
devices to signal the computer that an action has been 
taken. A typical sequence of events to obtain status inf or­
mation from a party-line I/O device is as follows: 

a. Load the computer A-register with a bit pattern 
specifying a party-line I/O device address and with bit 
14 set to "l" to command the addressed I/O device to 
send status information back to the computer. (The 
I/O device address is determined by the user when the 
I/O device controller's address decoder is designed.) 

b. Output the contents of the A-register to the Control 
PCA. The bit pattern is now in the Control PCA's 
output register waiting to be placed on the control 
bus. 

c. Execute an STC XX (XX is the select code of the 
Control PCA). This instruction gates the bit pattern 
stored in the output register onto the control bus. It 
also initiates the Encode signal which alerts the ad­
dressed party-line I/O device to take action. 

d. The addressed I/O device's controller must now place 
the status of the device (bits 8 through 11) on the 
control bus and return the Device Flag signal to the 
Control PCA. The returned Device Flag signal causes 
the removal of the Encode signal and the address and 
command bits from the control bus. The Device Flag 
signal also causes the status bits to be gated into the 
Control PCA's input register. 
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e. Execute an LIA XX. This instruction loads the con­
tents of the Control PCA's input register into the 
computer A-register to be checked by the user pro­
gram. (The status code bit patterns are also deter­
mined by the user so that the bits from the I/O device's 
controller correspond to that which the user program 
expects to receive. 

6-5. DATA PCA FUNCTIONS. Data PCA, like 
the Control PCA, also contains two 16-bit registers: one 
for input data and one for output data. The input and 
output lines from these registers are also connected to­
gether by the interconecting cable's hood connector in the 
same manner as those on the Control PCA. Thus, both the 
input register and output register have access to a 16-line 
data bus. The entire 16 bits on the data bus are used for 
data transmission in the format shown below: 

MSB 

( 16 bits ) 

DATA J 
Two other lines are provided by the Data PCA: (1) an 
Encode (send/accept data) signal which is sent to the party 
line and (2) a Device Flag line which receives the data 
ready/taken signal from the party line. An STC instruc­
tion for the Data PCA causes a Data Enable signal to gate 
data from the Data PCA's output register onto the data 
bus. During this time, the Encode signal is initiated by the 
Data PCA which signals all I/O devices on the party line 
that data is available on the data bus. The I/O device that 
has been addressed by the computer can now accept the 
data. These signals keep data from the Data PCA off the 
data bus except when a data transfer is actually taking 
place under program control. Simultaneous placement of 
data onto the data bus by more than one I/O device is 
prevented since the party-line I/O devices can place data 
on the data bus only when commanded to do so by bit 12 
from the Control PCA. The Flag signal received by the 

Table 6-1. Command and Status Bit Assignments 

BIT 

8-11 

12 

13 

14 

15 

6-2 

ASSIGNMENT 

Return status information from the 1/0 device to the computer. 

If set to "1 ", the addressed 1/0 device is commanded to output data to the computer. 

If set to "1 ", the addressed 1/0 device is commanded to accept data from the computer. 

If set to "1 ", the addressed 1/0 device is commanded to output status to the computer. 

Set to "1" under program control to indicate that the 1/0 device address will be used as an 
indirect address. (Used only during interrupt mode. The 1/0 device is not affected.) 
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Data PCA gates data from the data bus into the Data 
PCA's input register during input operations. Thus, a 
party-line I/O device must send a Flag signal at the same 
time that it places data on the data bus for the computer. 

6-6. PARTY-LINE OPERATION DURING 
INTERRUPT MODE. Party-line I/O devices can be run 
using the computer interrupt system. One interrupt chan­
nel is provided for the party line and its associated I/O 
devices. The interrupt system of the party-line I/O devices 
must be established by the user. Each I/O device on the 
party-line has access to the Control PCA's Flag flip-flop 
via its Flag signal which initiates a computer interrupt 
request. The user must implement a priority chain 
through the I/O device controllers attached to the party­
line so that only the highest priority I/O device of those 
devices requesting an interrupt has access to the control 
bus. After the higher priority I/O device is serviced, the 
next highest priority device is serviced, and so on. No more 
than one I/O device can request an interrupt at one time or 
the interrupt (I/0 device) address will be erroneous. 

At the same time that the I/O device returns its Flag 
signal requesting an interrupt, it must also place its iden­
tifying address on the designated control bus lines. An 
interrupt routine then reads this address and transfers 
control to the appropriate party-line I/O device interrupt 
routine. (The I/O device's controller must be designed to 
ensure that it does not place its identifying address on the 
control bus simultaneously with a computer address out­
put.) 

To ensure that the Data PCA does not interrupt the com­
puter when data is gated in with the Flag signal from the 
I/O device, the PCA's Control flip-flop must be reset with a 
CLC instruction at all times other than during an output 
operation when the Data Enable and Encode signals are 
required. This inhibits the Data PCA from initiating an 
interrupt request. 

6-7. CONTROLLER HARDWARE DESIGN 

A logic diagram of a typical controller for an I/O device 
capable of both input and output operations is shown in 
figure 6-1. This controller contains the maximum number 
of I/O lines available from the computer: eight address 
lines, 16 data lines, four command lines, and four status 
lines. The controller provides overall control of the party­
line I/O device upon receipt of command information from 
the computer. It also provides device status information 
for the computer, alerts the computer when the com­
manded action has been completed, and properly main­
tains its position in the priority chain among all other 
party-line I/O devices. 

As shown in figure 6-1, an I/O operation with a party-line 
I/O device is initiated by a Command signal, the I/O device 
address, and Encode signals from both the Data and Con­
trol PCA's to the device controller. The Command Decoder 
informs the Function/Status Control of the action request, 
which then instructs the I/O device to perform its input/ 
output function. The controller's Data Register provides 
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buffer storage of data from or to the party-line data bus. 
The Command Decoder, in conjunction with the two En­
code signals, determines whether data is to be applied to 
the I/O device or gated out of the computer. When the 
Function/Status Control has determined that the I/O de­
vice has completed its function, it sends a Flag signal to 
the Control PCA and simultaneously activates the Ad­
dress Generator if the Control PCA's Encode signal has 
dropped. The Flag signal initiates an interupt request to 
inform the computer that the I/O device function has been 
performed and that the device is ready to receive another 
command. The Address Generator identifies the request­
ing I/O device by placing its address on the lower eight 
lines of the control bus to the computer. Note that gates 
"A" and "B" in figure 6-1 require that the Encode signal be 
removed before the Flag signal or device address is re­
turned to the computer. This ensures that the I/O device 
address from the controller and the I/O device address 
from the computer are not placed simultaneously on the 
control bus. 

During a computer input operation, the Command De­
coder initiates the Flag signal and applies the controller's 
Data Register contents to the Data PCA. The Flag signal 
gates the data from the controller into the Data PCA's 
input register where it is available for the computer. The 
data bus Flag signal is not used during computer output 
operations. I/O device status information is obtained from 
the controller in the same manner as input data except 
that status information is sent to the Control PCA instead 
of the Data PCA. A Flag signal is returned to the Control 
PCA when status becomes available; a Flag signal is not 
returned to the Data PCA. 

The Priority In and Priority Out lines form a simple chain 
running through all party-line I/O devices to establish 
priority when operating in the interrupt mode. When any 
I/O device interrupts the computer, the chain is broken 
and all lower priority devices are inhibited from interrupt­
ing until the original device has been serviced. Priority 
can be established in any manner the user desires to 
design the controllers, but a logical choice would be to 
have the highest priority devices be those requiring the 
highest data transfer rates. 

6-8. INPUT PROGRAMMING USING 
NONINTERRUPT MODE 

Programming a party-line I/O device noninterrupt input 
operation is similar to programming a noninterrupt input 
operation for a standard I/O device as previously discussed 
in Section III of this manual. A general noninterrupt input 
operation can be programmed as shown in table 6-2. It 
should be noted that the program in table 6-2 assumes 
that the I/O device is assigned a party-line address of 60 
octal and that the Control and Data PCA's are installed in 
computer I/O slots assigned to select codes 10 and 11, 
respectively. To perform a looping operation (i.e., load 
several consecutive inputs into the computer), it is not 
necessary to repeat the first three instructions contained 
in table 6-2 each time through the loop since these instruc­
tions are for initialization only. 
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6-9. OUTPUT PROGRAMMING USING 
NONINTERRUPT MODE 

A general noninterrupt output operation can be pro­
grammed as shown in table 6-3. The program in table 6-3 
assumes the same I/O device party-line address and inter­
face PCA select codes as in the input program discussed in 
paragraph 6-8. 

6-10. I/O PROGRAMMING USING INTER­
RUPT MODE 

When programming party-line I/O devices using the 
interrupt mode, each I/O device's controller must be capa­
ble of sending an identifying address to the computer since 
several devices may be running simultaneously on the 
party line. These I/O device addresses must then be de­
coded by a user program to determine which specific inter­
rupt routine should be entered. It should be noted that the 
necessary software overhead time spent in decoding these 
addresses causes data transfer rates to be slower than 
when operating in the noninterrupt mode. Actual transfer 
rate is dependent on the length of the interrupt routine, 
the time required to recognize an interrupt, and the time 
required to decode the address and process the data. 

6-11. INTERRUPT PROCESSING. To initiate an 
interrupt request, the party-line I/O device controller 
sends a Flag signal to the Control PCA. It also places the 
requesting I/O device's address on the lower eight lines of 
the control bus. When the computer recognizes the inter­
rupt request, it executes the instruction in the memory 
location corresponding to the Control PCA's I/O slot select 
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code. This instruction is always a jump subroutine to a 
master interrupt subroutine designed to service party-line 
interrupts. The master interrupt subroutine causes ajump 
subroutine to the memory address corresponding to the 
address of the interrupting party-line I/O device. This 
memory address contains another indirect address that 
specifies the particular interrupt routine to service the 
requesting device. 

6-12. SAMPLE PROGRAM. As shown in table 6-4, 
only five instructions are required to initially program a 
party-line I/O device to input data to the computer using 
the interrupt mode. The program in table 6-4 assumes the 
same I/O device party-line address and interface PCA 
select codes as in the noninterrupt input program dis­
cussed in paragraph 6-8. The program will continue until 
the I/O device is ready to input data. The I/O device then 
interrupts the computer by setting the Control PCA's Flag 
and IRQ flip-flops and placing its device address on the 
lower eight lines of the control bus. The computer executes 
the instruction in the memory location having an address 
corresponding to the Control PCA's I/O slot select code. 
This instruction is normally a jump subroutine indirect to 
a master interrupt subroutine designed to service all 
party-line interrupts. A sample master interrupt sub­
routine is contained in table 6-5. It should be noted that 
the indirect address used in the JSB instruction of the 
program is actually the party-line address (60 octal) of the 
requesting I/O device. Thus, computer control will trans­
fer to the address stored in memory location 60 octal. This 
is the actual starting place of the specific interrupt routine 
to service this particular I/O device. A sample specific 
interrupt routine for an input device is contained in 
table 6-6. 

Table 6-2. Party-Line Nonlnterrupt Input Routine 

LABEL OPCODE OPERAND COMMENTS 

CLF 00 Disable interrupt system. 

LOB IADR Load device address in lower eight bits of B-register and set bit 12 to 
"1" to command input operation (010060B). 

OTB CNTL Output B-register contents to Control PCA. 

STC CNTL,C Set Control PCA Control flip-flop to initiate Encode (take action) signal. 
Clear Flag flip-flop in preparation for recognition of Flag (action taken) 
signal from device. 

SFS CNTL Is Control PCA Flag flip-flop set (input ready)? 

JMP * -1 No, repeat previous instruction. 

LIA DATA Yes, load Data PCA input register into A-register. 

IADR OCT 010060 Set IADR equal to device party-line address. 

CNTL EQU 10B Set CNTL equal to Control PCA 1/0 slot select code. 

DATA EQU 118 Set DATA equal to Data PCA 1/0 slot select code. 

6-5 
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Table 6-3. Party-Line Nonlnterrupt Output Routine 

LABEL OPCODE OPERAND COMMENTS 

CLF 00 Disable interrupt system. 

LOB OADR Load device party-line address in lower eight bits of B·-register and set 
bit 13 to "1" to command an output operation. 

OTB CNTL Output B-register contents to Control PCA. 

STC CNTL,C Set Control PCA Control flip-flop to initiate Encode (take action) signal. 
Clear Flag flip-flop in preparation for recognition of Flag (action taken) 
signal from device. 

LOA BUFF,I Load output data word into A-register. 

OTA DATA Output A-register contents to Data PCA. 

STC DATA,C Set Data PCA Control flip-flop to gate output data onto data bus and to 
initiate an Encode signal. 

SFS CNTL Is Control PCA Flag flip-flop set (data received by device)? 

JMP * -1 No, repeat previous instruction. 
Yes, continue program . 

. . . 
OADR OCT 020060 Set OADR equal to device party-line address. 

BUFF DEF BAD DR Define storage location of data word. 

CNTL EQU 10B Set CNTL equal to Control PCA 1/0 slot select code. 

DATA EQU 118 Set DATA equal to Data PCA 1/0 slot select code. 

Table 6-4. Party-Line Interrupt Input Routine 

LABEL OPCODE OPERAND COMMENTS 

STF 00 Enable interrupt system. 

CLC DATA Clear Data PCA Control flip-flop to inhibit interrupt requests from 
Data PCA. 

LOB IADR Load device party-line address in lower eight bits of B-register and set 
bit 12 to "1" to command an input operation. 

OTB CNTL Output B-register contents to Control PCA. 

STC CNTL,C Set Control PCA Control flip-flop to initiate input operation. 

IADR OCT 010060 Set IADR equal to device party-line address. 

CNTL EQU 10B Set CNTL equal to Control PCA 1/0 slot select code. 

DATA EQU 11 B Set DAT A equal to Data PCA 1/0 slot select code. 
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LABEL 

MAST 

T1 

T2 

815 

A 

LABEL 

ENTR 

OPCODE 

NOP 

STA 

LDA 
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LIA 

IOR 

JS8 

OCT 

OCT 

OCT 

EQU 

OPCODE 

NOP 

STA 

LDA 
STA 

ISZ 

LDA 
STA 

LIA 

STC . . . . 
LDA 
JMP 
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Table 6-5. Master Interrupt Subroutine 

OPERAND 

T1 

MAST 
T2 

CNTL 

815 

A,I 

0 

0 

100000 

0 

COMMENTS 

Subroutine entry point. The return to the interrupted program is 
stored here by the jump subroutine instruction. 

Store contents of A-register in memory location T1. 

Load address to which program must return after interrupt request has 
been received into A-register. 

Load device party-line address from Control PCA into A-register. 

Set A-register bit 15 to "1" to allow device address to be used as an 
indirect address. 

Jump subroutine to specific device interrupt service subroutine using 
address contained in A-register. 

Storage location for A-register contents. 

Storage location for return address. 

Mask to set bit 15 to "1 ". 

Set A equal to memory location 0 (A-register). 

Table 6-6. Specific Device Interrupt Subroutine 

OPERAND COMMENTS 

Subroutine entry point. The address (location T1) for return to the 
master interrupt subroutine is stored here by the jump (JS8) instruction 
in the previous program (table 6-5). 

ADDR Store device address (presently in A-register) in location ADDR. 

ENTR,I Use address stored in ENTR to load and store original A-register con-
T1 tents previously stored in master interrupt subroutine. 

ENTR Increment address stored in ENTR, use it to load original return 
address from master interrupt subroutine, and store it as this routine's 
return address. 

ENTR,I Gather necessary addresses and original register contents from master 
ENTR interrupt subroutine. (Frees master interrupt subroutine for processing 

other interrupt requests from party-line devices.) 

DATA Load data from Data PCA into A-register. 

CNTL,C Set Control PCA Control flip-flop to re-enable party-line interrupt 
requests. (Causes new operation by addressed party-line device.) 

(Routine to process data received from party-line device.) 

T1 Interrupt process complete. Restore original A-register contents and 
ENTR,I jump back to interrupted main program. 

6-7 
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Table 6-6. Specific Device Interrupt Subroutine (Continued) 

LABEL OPCODE OPERAND COMMENTS 

ADDA OCT 0 Storage location. 

T1 OCT 0 Storage location. 

CNTL EQU 108 Set CNTL equal to Control PCA 1/0 slot select code. 

DATA EQU 11 B Set DATA equal to Data PCA 1/0 slot select code. 

6-13. DCPC TRANSFERS 

As previously discussed in Sections III and IV, high-speed 
data transfer rates are achived by effecting DCPC cycle 
steals; i.e., the DCPC channel receives a Service Request 
(SRQ) signal from the I/O interface PCA to request more 
data before the computer timing has advanced past the 
time period when a new DCPC cycle begins. Therefore, the 
time delay between the issuance of the I/O device's Flag 
(start) signal and the receipt of the SRQ signal by the 
computer is critical to effect successive I/O cycle steals. 
When designing an interface PCA or when selecting an 
HP general-purpose interface PCA for DCPC applications, 
particular attention must be paid to the timing of the 

ENF 
(T2) 

CLF 
(T3) 

S FLAG 0 -------1 
R BU~~ER Q 

interface PCA's flag and interrupt circuit SRQ signal (in­
itiate DCPC cycle) and to when the I/O device's Flag sig­
nal is received. 

For applications where transfer rates of less than half of 
the DCPC bandwidth width (approximately 308,333 
words/second for HP 21MX M-Series Computers and 
430,000 words/second for HP 21MX E-Series Computers) 
are sufficient, the flag and interrupt circuit (partially 
illustrated in figure 6-2A) will fulfill SRQ signal genera­
tion timing requirements. As shown in figure 6-2A, this 
circuit generates the SRQ signal at the first time T2 fol­
lowing the receipt of the Device Flag signal and, as such, 

SRO 

R 
FF 

A. LESS THAN HALF-BANDWIDTH DATA TRANSFERS 

ENF 
(T2) DEVICE s FLAG 

0 

FLAG s FLAG 0 FF a 
(T4) BUFFER R 

R FF a 
SRO 

CLF 
(T3) 

B. HALF-TO FULL-BANDWIDTH DATA TRANSFERS 

0330-15 

Figure 6-2. Critical DCPC Interface Design 
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can only initiate data transfers at a maximum rate of 
every other 1/0 cycle (half DCPC bandwidth). For applica­
tions where transfer rates greater than half DCPC 
bandwidth are required, the flag and and interrupt circuit 
must be either designed or modified similar to that shown 
in figure 6-2B. This circuit generates the SRQ signal im­
mediately upon receipt of the Device Flag signal, is not 
dependent on time T2 and, as such, can initiate data trans­
fers at a maximum rate up to every successive 1/0 cycle 
(full DCPC bandwidth) assumming the 1/0 device can 
generate a Device Flag signal every successive 1/0 cycle 
time T4. Since the SRQ signal is actually sampled by the 
computer during the later part of time T4, the 1/0 device 
must be capable of generating the Device Flag signal at 
the beginning of time T4. Most HP general-purpose inter­
face PCA's use the circuit shown in figure 6-2A. Other HP 
high-speed interface PCA's such as the HP 12930A Univ­
ersal Interface PCA use the circ;uit shown in figure 6-2B 
and are, therefore, capable of transferring data at full 
DCPC bandwidth. 

6-14. MICROPROGRAMMED 1/0 

The HP 21MX E-Series Computers have a user-micropro­
grammable control processor which allows the user to 
expand the computer's instruction set so that the com­
puter can perform specific functions more efficiently. 
Through the use of microprogramming, computer execu­
tion time of often-used routines can be greatly reduced. An 
introduction to Hewlett-Packard's microprogramming 
techniques and development is contained in the HP 21 MX 
E-Series Computer Operating and Reference Manual, part 
no. 02109-90001. Complete information on how to prepare, 
load, and execute microprograms is contained in the HP 
21MX E-Series Computer Microprogramming Reference 
Manual, part no. 02109-90004. A thorough understanding 
of the contents of these two manuals must be obtained 
prior to attempting any microprogrammed 1/0 operations. 
Specifically, this manual contains information for micro­
programmed block 1/0 transfers via the computer's 1/0 
Section and a general discussion on how to use the com­
puter's Microprogrammable Processor Port (MPP) for I/O 
applications. 

6-15. MICROPROGRAMMED BLOCK 
1/0 TRANSFERS 

Microprogrammed block I/O transfers via the 1/0 Section 
provide the capability of high-speed data transfers be­
tween the computer and a peripheral device in an asyn­
chronous manner (with respect to T-periods) at rates up to 
1.59 million words per second as specified in table 1-1. 
This capability provides a higher bandwidth than DCPC 
for some applications and, in addition, provides for 
special-purpose I/O operations such as byte packing, etc. 

Figure 6-3 illustrates the sequence of operations for a 
microprogrammed block 1/0 input transfer. The sequence 
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of events are as follows. The input device outputs. a Data 
Ready signal (1) and a Data Word (2) to the interface PCA. 
The Data Ready signal sets the interface PCA flag and 
clocks the data word through the input buffer. The com­
puter recognizes the Set Flag signal (3) generated by the 
interface PCA, writes the first data word ( 4) into the 
memory starting address specified in the microprogram, 
and immediately sends a Data Received signal (5) to the 
interface PCA. The interface PCA outputs the data re­
ceived signal which is recognized by the input device as a 
Start signal (6). The process now repeats back to the be­
ginning of this paragraph to transfer the next word. After 
the specified number of words (up to 256) have been trans­
ferred into memory, the microprogram (7) returns control 
to the next instruction. 

As an aid toward a better understanding of how micropro­
grammed block 1/0 transfers can be accomplished, some 
typical transfer schemes will be discussed in the following 
paragraphs. Each of the discussed 1/0 transfers will use 
the standard 1/0 backplane connector signals and the 
three special microprgrammed block 1/0 signals (BIOI, 
BIOO, and BIOS) also available on each 1/0 backplane 
connector. (1/0 backplane connector pin number assign­
ments for all 1/0 signals are listed in table 4-1.) Figure 6-4 
is a flow diagram for microprogrammed block 1/0 trans­
fers that illustrates which microinstructions generate the 
required I/O transfer signals and a typical 1/0 interface 
PCA that can be designed to use these signals to transfer 
data. It should be noted that the flag and interrupt circuit 
design discussed in Section V must be modified as shown 
in figure 6-5 for microprogrammed block 1/0 transfers. For 
reference purposes, a listing of how to form and execute 
microprogrammed 1/0 instructions is contained in 
table 6-7. It should be noted that table 6-7 is provided for 
example purposes only to illustrate which micro­
instructions perform required 1/0 functions. Actual 
microprogrammed block I/O transfers require additional 
microinstructions and different formats as discussed in 
the following paragraphs. 

For example purposes, asssume that a block of data from 
the memory of a "master" computer is to be transferred 
into the memory of a "slave" computer under micropro­
gram control. First, a driver circuit similar to that shown 
in figure 6-6A must be designed on an HP Breadboard 
Interface PCA and the PCA inserted into the "master" 
computer's I/O slot. Second, a receiver circuit similar to 
that shown in figure 6-6B must be designed on another HP 
Breadboard Interface PCA and this PCA inserted into the 
"slave" computer's I/O slot. Third, the two interface PCA's 
Jl connectors must be interconnected with a cable assem­
bly. Fourth, a microprogrammed block I/O output routine 
similar to that contained in table 6-8 must be developed 
for the "master" computer and a microprogrammed block 
I/O input routine similar to that contained in table 6-9 
must be developed for the "slave" computer. 

In order for the driver microprogram listed in table 6-8 to 
work properly, the fabricated I/O interface PCA must be 
inserted in the "master" computers I/O slot corresponding 
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0330-18 
Figure 6-5. Interface PCA Flag and Interrupt Circuit Modifications Required for 

Microprogrammed I/O Transfers 

to select code 12. The listed microprogram is interruptible 
by emergency interrupts (i.e., power fail, parity error, 
DMS, and memory protect) only and normal 1/0 interrupts 
will not be recognized or serviced until the end of the data 
transfer. The microprogram listed in table 6-8 assumes 
that the two's complement (positive nonzero integer) of the 
block length (number of words to be transferred out of 
memory) has been previously entered into the B-register 
and the buffer address (starting address of memory where 
the block of words is stored) previously entered into the 
A-register. It should be noted that it is the programmer's 
responsibility to precede this microprogram with the re­
quired main memory/control memory linkage. 

In order for the receiver microprogram listed in table 6-9 
to work properly, the fabricated I/O interface PCA must be 
inserted in the "slave" computer's I/O slot corresponding 
to select code 12, the computer's interrupt system must be 
enabled (i.e., STF 00 previously given), and an STC 12,C 
previously given to set the interface PCA's Control flip­
flip and to clear the Flag flip-flop. Once enabled, the listed 
microprogram is interruptible by emergency interrupts 
only and normal I/O interrupts will not be recognized or 
serviced until the end of the data transfer. It should be 
noted that it is the programmer's responsibility to precede 
this microprogram with the required main memory 
linkage from trap cell 12. 
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Table 6-7. Forming and Executing Microprogrammed I/O Instructions 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BACH SPCL COND STA ADDRESS COMMENTS 

CIR L CIR Places the select code of the 1/0 device stored in the 
Central Interrupt Register into the L-register via 
the S-bus. 

STC IMM L4 CMLO SB 303B Generates the binary number required to form an 
IOR SB SB STC O,C and combines the STC O,C with the select 

(T2) IOG IRCM SB code stored in the L-register to form an STC SC,C. 
(T3) NOP The CPU is frozen until the next 1/0 Section T2 time 
(T4) NOP period and the STC SC,C is executed at the following 
(TS) NOP T4 time period. 

(Refer to 
Note 1.) 

LIA/B IMM CMHI S4 376B Generates the binary number required to form an 
IOR S4 S4 LIA/B 0 and combines the LIA/B 0 with the select code 

(T2) IOG IRCM S4 stored in the L-register to form an LIA/B SC. The CPU 
(T3) NOP is frozen until the next 1/0 Section T2 time period, 
(T4) NOP the LIA/B is executed, and data from the selected 
(TS) SS IOI 1/0 device is gated from the 1/0 bus into Scratch 

Register SS at the following TS time period. 

OTA/B IMM L1 CMLO S9 77B Generates the binary number required to form an 
IOR S9 S9 OTA/B O and combines the OT A/B 0 with the select 

(T2) IOG IRCM S9 code stored in the L-register to form an OTA/B SC. 
(T3) NOP SS The CPU is frozen until the next 1/0 Section T2 time 
(T4) NOP 100 SS period, the OT A/B is executed, and the data from 
(TS) 100 SS Scratch Register SS is gated from the S-bus to the 

selected 1/0 device at the following T4-TS time periods. 
(Refer to Note 2.) 

IAK IAK Freezes the CPU until the next 1/0 Section T6 time 
period, loads the select code of the interrupting 1/0 
device into the Central Interrupt Register, and gen-
erates an IAK signal for the 1/0 device. 

OP = Operation Field MOD = Modifier Field OPRD = Operand Field 
BACH = Branch Field COND = Condition Field 
SPCL = Special Field STA = Store Field 

NOTES: 1. Parenthetical T-periods listed in the LABEL column are for reference purposes only to illustrate the use of NOP 
micro-orders to synchronize the microprogram with 1/0 Section timing. Any non-freezable micro-order can be 
used in place of the NOP. 

2. Micro-order 100 is not the same as the 1/0 Section 100 signal. In order for an output transfer to be 
accomplished properly, micro-order 100 must be issued at 1/0 Section T4-TS time period and the 100 signal 
must be present at T3-T4 time period. 
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Table 6-8. Block 1/0 Output Microprogram 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BACH SPCL COND STR ADDRESS COMMENTS 

. . . 
FETCH EQU OB Psuedo-microinstruction. 

IOFF Disable interrupt system. 

PASS S11 M Save return address. 

JSB IRCLF Jump to IRCLF subroutine. Used with IOEX sub-
routine to clear interface PCA's Flag and Flag Buffer 
flip-flops. 

JSB IOEX Jump to IOEX subroutine. 

JSB IRSTC Jump to IRSTC subroutine. Used with IOEX sub-
routine to set interface PCA's Control and Command 
flip-flops. 

JSB IOEX Jump to IOEX subroutine. 

READ PASS M S11 Start read for conditional (CNDX) return. 

PASS A A Set status of starting address. 

RTN CNDX AL15 Return if address is negative. 

PASS 100 A Output starting address to interiace PCA. 

JSB WAIT1 Jump to WAIT1 subroutine. Waits for receiver ready 
signal from interface PCA. 

JSB IRSTF Jump to IRSTF subroutine. Used with IOEX sub-
routine to set interface PCA's Flag Buffer flip-flop. 

JSB IOEX Jump to IOEX subroutine. 

JSB WAIT2 Jump to WAIT2 subroutine. Wait for acknowledge 
signal from interface PCA. 

JSB IRCLF Jump to IRCLF subroutine. Same as previous IRCLF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

READ PASS M S11 Restore return address. 

PASS B B Set status of word count. 

RTN CNDX AL15 Return if word count is negative. 

PASS 100 B Output word count to 1/0 device. 
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Table 6-8. Block 1/0 Output Microprogram (Continued) 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BACH SPCL COND STR ADDRESS COMMENTS 

JSB WAIT1 Jump to WAIT1 subroutine. Same as previous WAIT1 
micro-order. 

JSB IRSTF Jump to IRSTF subroutine. Same as previous IRSTF 
micro-order. 

JSB IOEX- Jump to IOEX subroutine. 

JSB WAIT2 Jump to WAIT2 subroutine. Same as previous WAIT2 
micro-order. 

JSB IRCLF Jump to IRCLF subroutine. Same as previous IRCLF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

LOOP1 READ PASS M A Read data word from memory address pointed to 
by A-register. 

INC A A Increment data address. 

PASS 100 TAB Output data word to interface PCA. 

JSB WAIT1 Jump to WAIT1 subroutine. Same as previous 
WAIT1 micro-order. 

JSB IRSTF Jump to IRSTF subroutine. Same as previous 
IRSTF micro-order. 

JSB IOEX Jump to IOEX subroutine. 

JSB WAIT2 Jump to WAIT2 subroutine. Same as previous 
WAIT2 micro-order. 

JSB IRCLF Jump to I RCLF subroutine. Same as previous 
IRCLF micro-order. 

JSB IOEX Jump to IOEX subroutine. 

DEC B B Decrement word count. 

JMP CNDX ALZ RJS LOOP1 Word count zero? No; jump to LOOP1. Yes; continue. 

DONE JSB IRCLC Jump to IRCLC subroutine. Used with IOEX sub-
routine to clear interface PCA's Control and Com-
mand flip-flops. 

JSB IOEX Jump to IOEX subroutine. 

READ RTN PASS M S11 Restore return address, start read, and return. 

IRSTC IMM CMLO S1 0658 Load Instruction Register with STC 12 and return 
IMM CMHI L 1708 to calling microprogram. 

IOR S1 S1 
RTN PASS IRCM S1 
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Table 6-8. Block I/O Output Microprogram (Continued) 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BRCH SPCL COND STR ADDRESS COMMENTS 

IRSTF IMM CMLO S1 265B Load Instruction Register with STF 12 and return to 
IMM CMHI L. 173B calling microprogram. 

IOR S1 S1 
RTN PASS IRCM S1 

IRCLF IMM CMLO S1 265B Load Instruction Register with CLF 12 and return to 
IMM CMHI L 1718 calling microprogram. 

IOR S1 S1 
RTN PASS IRCM S1 

IRCLC IMM CMLO S1 065B Load Instruction Register with CLC 12 and return to 
IMM CMHI L 162B calling microprogram. 

IOR S1 S1 
RTN PASS IRCM S1 

IOEX IOG (T2) Synchronize microprogram with 1/0 Section 
PASS NOP NOP (T3) timing by simulating an 1/0 instruction and 
PASS NOP NOP (T4) return to calling microprogram. 

RTN PASS NOP NOP 

WAIT1 RTN CNDX SKPF RJS Interface PCA's flag set? Yes; return to calling micro-
READ PASS M S11 program. No; test for emergency interrupts and, if 
JMP CNDX HOI RJS WAIT1 none exist, loop on WAIT1. If emergency interrupt is 
JMP FETCH pending, jump to FETCH. 

WAIT2 RTN CNDX SKPF Interface PCA's flag clear? Yes; return to calling micro-
READ PASS M S11 program. No; test for emergency interrupts and, if 
JMP CNDX HOI RJS WAIT2 none exist, loop on WAIT2. If emergency interrupt is 
JMP FETCH pending, jump to FETCH. 

Table 6-9. Block I/O Input Microprogram 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BRCH SPCL COND STR ADDRESS COMMENTS 

. . . 
FETCH EQU OB Psuedo-microinstruction. 

IOFF Disable interrupt system. 

PASS S11 M Save return address. 

JSB IRCLF Jump to IRCLF subroutine. Used with IOEX sub-
routine to clear interface PCA's Flag and Flag Buffer 
flip-flop. 

JSB IOEX Jump to IOEX subroutine. 

JSB WAIT Jump to WAIT subroutine. Waits for start signal from 
interface PCA. 
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Table 6-9. Block I/O Input Microprogram (Continued) 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BACH SPCL COND STR ADDRESS COMMENTS 

JSB IRSTF Jump to IRSTF subroutine. Used with IOEX subroutine 
to set interface PCA's Flag Buffer flip-flop. 

JSB IOEX Jump to IOEX subroutine. 

PASS A IOI Input starting address from interface PCA. 

JSB IRCLF Jump to IRCLF subroutine. Same as previous IRCLF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

JSB WAIT Jump to WAIT subroutine. Same as previous WAIT 
micro-order. 

JSB IRSTF Jump to IRSTF subroutine. Same as previous IRSTF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

PASS B IOI Input word count from interface PCA. 

LOOP JSB IRCLF Jump to IRCLF subroutine. Same as previous IRCLF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

JSB WAIT Jump to WAIT subroutine. Same as previous WAIT 
micro-order. 

JSB IRSTF Jump to IRSTF subroutine. Same as previous IRSTF 
micro-order. 

JSB IOEX Jump to IOEX subroutine. 

PASS M A Pass data address to M-register. 

WRTE TAB IOI Input data from interface PCA into memory address 
specified by M-register. 

INC A A Increment data address. 

DEC B B Decrement word count. 

JMP CNDX ALZ RJS LOOP Word count zero? No; jump to LOOP. Yes; continue. 

DONE JSB IRCLC Jump to IRCLC subroutine. Used with IOEX sub-
routine to clear interface PCA's Control and Com-
mand flip-flops. 

JSB IOEX Jump to IOEX subroutine. 

READ RTN PASS M S11 Restore return address, start read, and return. 
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Table 6-9. Block I/O Input Microprogram (Continued) 

LABEL 

WAIT 

IRCLF 

IRCLC 

IOEX 

IRSTF 

6-16. 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

BACH SPCL COND STA ADDRESS 

RTN CNDX SKPF 
READ PASS M S11 
JMP CNDX HOI RJS WAIT 
JMP FETCH 

IMM CMLO S1 2658 
IMM CMHI L 1718 

IOR S1 S1 
RTN PASS IRCM S1 

IMM CMLO S1 0658 
IMM CMHI L 1628 

IOR S1 S1 
RTN PASS IRCM S1 

IOG 
PASS NOP NOP 
PASS NOP NOP 

RTN PASS NOP NOP 

IMM CMLO S1 2658 
IMM CMHI L 1738 

IOR S1 S1 
RTN PASS IRCM S1 

MICROPROGRAMMABLE PROCES­
SOR PORT INTERFACING 

Although it is not part of the computer's I/O Section, the 
Microprogrammable Processor Port (MPP) permits exter­
nal hardware to be connected directly to the CPU and 
interfaced under fast and direct microprogrammed con­
trol. Some typical applications with the MPP include 
computer-to-computer commuication, adaptation of 
specialized performance hardware (e.g., floating point 
hardware), and a low-cost, high-speed or special I/O chan­
nel. Access to the computer is accomplished by fabricating 
an interconnecting cable assembly consisting of standard 
flat cable and mating connectors. This cable assembly 
connects between the external device or interface PCA 
and the computer's MPP connector J3 located behind the 
computer's operator panel on Operator Panel PCA A2 as 
shown in figure 6-7. (Maximum interconnecting cable as­
sembly length is restricted to 6.0 feet (1.8 meters.) It 
should be noted that the MPP employs tri-state logic and 
that compatible devices must be used for interface design. 
Some recommended devices are as follows: 
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COMMENTS 

Interface PCA's flag set? Yes; return to calling micro-
program. No; test for emergency interrupts and, if 
none exist, loop on WAIT. If emergency interrupt is 
pending, jump to FETCH. 

Load Instruction Register with CLF 12 and return to 
calling microprogram. 

Load Instruction Register with CLC 12 and return to 
calling microprogram. 

(T2) Synchronize microprogram with 1/0 Section 
(T3) timing by simulating an 1/0 instruction and 
(T4) return to calling microprogram. 

Load Instruction Register with STF 12 and return to 
calling microprogram. 

74S240 
74S241 
74S373 
74S374 

Octal Inverter 
Octal Buffer 
Octal Latch 
Octal Flip-Flop 

Signal definitions and connector pin assignments for MPP 
connector J3 are contained in table 6-10. A timing diag­
ram for the MPP signals is contained in figure 6-8. It 
should be noted that the actual use of the MPP signals 
must be determined by the user. When a use for a particu­
lar signal is stated in table 6-11, it is a suggested use only 
and is not restrictive. As previously stated, it is impera­
tive that the user be completely acquainted with the con­
tents of the HP 21MX E-Series Computer Microprogram­
ming Reference Manual, part no. 02109-90004 before at­
tempting to use the MPP. 

For reference purposes, a listing illustrating how to form 
and execute a microprogrammed MPP I/O transfer is con­
tained in table 6-11. It should be noted that table 6-11 is 
provided for example purposes only and that actual trans­
fer instruction formats will vary depending on the exter­
nal I/O device's specifications and the user's application. 
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The microprogram listed in table 6-11 inputs data words 
in a burst manner via the MPP and stores the data in 
main memory. The listed microprogram is interruptible 
before the word burst begins, but is not interruptible dur­
ing the burst. Any interrupts that occur during the word 
burst transfer will be serviced at the end of the micropro­
gram. The listed microprogram has a maximum transfer 
rate of approximately 500 kilowords/second in a typical 
DCPC environment and of approximately 1500 
kilowords/second in a non-DCPC environment. The 
microprogram listed in table 6-11 assumes that the exter­
nal device contains a data buffer large enough to hold the 
specified word burst and that the positive word count 

BACK OF OPERATOR PANEL 

0330-20 

OPERATOR PANEL PCA 
(CIRCUIT SIDE) 

Advanced Interfacing Techniques 

(number of words to be transferred) has been previously 
entered into the A-register. (In order to obtain the transfer 
rates specified above, the listed microprogram is limited to 
256 words. Word bursts greater than 256 can be trans­
ferred; however, this requires a second word counter 
which requires additional microinstructions. This in turn 
decreases the data transfer rate.) The listed microprogram 
also assumes that the buff er address (starting address of 
memory where data is to be stored) has been previously 
entered into the B-register. It should be noted that it is the 
programmer's responsibility to precede the microprogram 
listed in table 6-11 with the required main memory/ 
control memory linkage. 

J1 CABLE ASSEMBLY 

Figure 6-7. MPP Connector Location 
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PIN 
NO. 

1 ** 

3* 

Table 6-10. MPP Connector J3 Signal Definitions and Connector Pin Assignments 

PPS: 

SIGNAL MNEMONIC AND DEFINITION 

"Not" Set Overflow.; This is a ground-true signal used to set the control processor's Overflow 
flip-flop. Processor loading is 14.0 mA. 

Processor Port PS. This is a positive-true signal derived from CPU freezeable PS (figure 4-4) used 
to synchronize data flow between the computer and the external device. 

S MPPI011: Buffered S-bus bit 11. (Refer to Note 1.) 

7* 

9** 

11 * 

13 
1S 
17 
19 
21 
23 
2S 

27* 

29* 

31 * 

33 
3S 
37 
39 

41 * 

43 
4S 
47 
49 

NOTES: 1. 
2. 
* 

** 
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PP2SP: 

MPP: 

PP1SP: 

MPP1012: 
MPP1013: 
MPP1014: 
MPP101S: 
MPPI008: 
MPPI009: 
MPP1007: 

MPBST: 

PLRO: 

PIRST: 

Processor Port "2" Special. This is a user-defined, positive-true signal that goes high when micro­
order MPP2 is in the Special Field of a microinstruction. Permitted load is 6.0 mA. 

"Not" Microprogrammable Processor Port. This is a user-defined, ground-true signal that can be 
sensed by the control processor when micro-order MPP is in the Condition Field of a micro­
instruction. This signal must be asserted throughout the microinstruction cycle. Processor loading 
is 2.0 mA. 

"Not" Processor Port "1" Special. This is a user-defined, ground-true signal that goes low when 
micro-order MPP1 is in the Special Field of a microinstruction. Permitted load is 6.0 mA. 

Buffered S-bus bit 12 
Buffered S-bus bit 13 
Buffered S-bus bit 14 
Buffered S-bus bit 1 S >- Refer to Note 1. 
Buffered S-bus bit 8 
Buffered S-bus bit 9 
Buffered S-bus bit 7 , 

Microprogrammable Processor Port "B" Store. This is a positive-true signal that goes high when 
micro-order MPPB is in the Store Field of a microinstruction. Can be used to strobe data on the 
S-bus into the external device. Permitted load is 6.0 mA. 

"Not" Processor Port L-Register Bit 0. This is a ground-true signal that can be used as an 
address line to the external device. Permitted load is 6.0 mA. The buffered signal is true when­
ever LRO (least significant bit of L-register) is true and either of the next three least significant bits 
of the L-register (LR1, LR2, LR3) are true. 

Processor Port Instruction Register Store. This is positive-true signal that goes high when micro­
order IRCM is in the Store Field of a microinstruction. Can be used by external device for recogni­
tion of special instructions. Permitted load is 6.0 mA. 

MPPI006: Buffered S-bus bit 6 
MPPIOOS: Buffered S-bus bit S 
MPPI004: Buffered S-bus bit 4 
MPPI003: Buffered S-bus bit 3 l Refer to Note 1 . 

MPBEN: 

MPPI002: 
MPP1001: 
MPPIOOO: 
MPPl010: 

Microprogrammable Processor Port "B" Enable. This is a positive-true signal that goes high when 
micro-order MPPB is in the S-Bus Field of a microinstruction. Can be used to load data from the 
external device. Permitted load is 6.0 mA. 

Buffered S-bus bit 2 l 
Buffered S-bus bit 1 Refer to Note 1 . 
Buffered S-bus bit 0 
Buffered S-bus bit 10 

All S-bus signals are bidirectional. 
All even-numbered pins (2 through SO) are connected to ground. 
Signal generated by computer for external device. 
Signal generated by external device for computer. 
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SPECIAL 
COND 

MPP2 

MPP1 

MICRO-ORDERS 

STORE S-BUS 

MPPB 

MPPB 

IRCM 

SIGNAL 

MPBEN 

MPBST 

PP2SP 

PP1SP 

PIRST 

PPS 
*PIRST will load S-BUS data of previoi..;3 microcycle. 
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TIMING 

P1 P2 P3 P4 PS 

Figure 6-8. MPP Timing Diagram 

Table 6-11. MPP Word Burst Input Microprogram 

ALU/ S-BUS/ 
OP/ MOD/ OPRD/ 

LABEL BRCH SPCL COND STR ADDRESS COMMENTS 

. . . 
BURSTIN DEC S3 p Stores contents of P-register in Scratch Register S3 

tor reentry point. 

CNTR A Stores the positive word count in the Instruction 
Register. 

WAIT JMP CNDX HOI INTRPT Any interrupts pending? Yes; jump to interrupt micro-
routine. No; continue. 

NOP 1/0 device's data ready (i.e., MPP signal true)? No; 
JMP CNDX MPP RJS WAIT repeat previous instruction. Yes; continue. 

INC PNM B Loads starting buffer address in M-register and loads 
next buffer address in P-register. 

BURST WRTE MPCK TAB MPPB Performs memory protect check of M-register address 
for memory protect fence or OMS violation. Strobes 
data from the 1/0 device onto the S-bus (MPBEN signal 
true) and writes the data into main memory address 
specified by contents of M-register. 

DCNT INC PNM p Decrements the Instruction Register (word count), 
loads next buffer address from P-register into 
M-register and increments the P-register. 

JMP CNDX CNT8 RJS BURST Word count zero? No; jump to BURST. Yes; continue. 
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LABEL 

DONE 

IN TR PT 
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Table 6-11. MPP Word Burst Input Microprogram (Continued) 

ALU/ S·BUS/ 
OP/ MOD/ OPRD/ 

BRCH SPCL COND STR ADDRESS COMMENTS 

B p Begins exit routine by reading next instruction from 
READ INC PNM S3 main memory address specified in M-register (original 

JMP 

RTN A CNTR P-register contents). 8-register contains last buffer 
address. A-register contains all zeros indicating that 

MPBEN 

the word burst is complete. 

PASS p S3 Store microprogram reentry address into 
6 and exit to Halt-Or-Interrupt Microroutine. . . . 

A. MPP INPUT TIMING CONSIDERATIONS 

21MXE CPU J6 

CPU 
DECODER 

LOGIC 

S BUS 0 

S BUS 1 

S BUS 2 

S BUS 3 

S BUS 12 

S BUS 13 

S BUS 14 

S BUS 15 

y 
--·1 

J1 21MXE FRONT PANEL J3 PORT USERS DEVICE 

MPPIOO a 
MPPI01 a 
MPP102 a 
MPPI03 a 

MPPI012 a 
MPP1013 a 
MPPI014 a 
MPPI015 a 

OE EN 

D 

D 

D 

D 

D 

D 

D 

D 

IF 2 PROCESSORS 
USE THE PORT, 
USE PLRO TO ENABLE 
ONE PROCESSOR AT A TIME 

INPUT DATA VALID 
ON MPPIO BUS --i 2~~!ec F 

NOTE: 
THE MPBEN LINE CAN BE ACTIVE IN WORD TYPE 3 OR 4 
MICROINSTRUCTIONS WHERE THE MPPB MICRO-ORDER 
DOES NOT APPEAR. THIS IS BECAUSE THE JUMP TARGET 
ADDRESS FIELD BIT PATTERN IN WORD TYPE 3 AND 4 
CORRESPONDS TO THE S-BUS FIELD OF WORD TYPE 1. 
IF THE ADDRESS BIT PATTERN CORRESPONDS TO THE 
BIT PATTERN FOR MPBEN. THE LINE WILL BECOME ACTIVE 
THUS THE MPBEN SIGNAL SHOULD BE USED AS A DATA 
BUFFER ENABLE ONLY. 

P-register 

NOTES: 1. DEFINITIONS VALID AT CONNECTOR J3. ANY DELAYS SUCH AS CABLE DELAYS AND DELAYS 
IN THE USER DEVICE MUST ALSO BE ACCOUNTED FOR IN MEETING THESE SPECIFICATIONS. 

2. CHANGE MAXIMUM CABLE LENGTH SPECIFICATION TO 4 FEET. 

Figure 6-9. MPP Timing Considerations (Sheet 1of4) 
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21MXE CPU J6 Jl 

S BUS 0 

S BUS 1 

S BUS 2 

S BUS 3 

S BUS 12 

S BUS 13 

S BUS 14 

S BUS 15 

P5 

LRO 

MPPBST 

B. MPP OUTPUT TIMING CONSIDERATIONS 

21 MXE FRONT PANEL 

D Q 

D Q 

D Q 

D Q 

D Q 

D Q 

D Q 

D Q 

J3 
I 
J 
I 

..I 

I 
I 

J 

I 
PLROI 

USERS DEVICE 

I 
I 
I 

D Q 

D Q 

D Q 

D Q 

CLOCK 

CLOCK DATA AT TRAILING 
EDGE OF P5 AND MPBST 

Omin-1 r-MPBST. I __ _.,......, ...................... _...,_..._ 

~95 nsec-r;:::: 35 nsec---------1 I -1-min_y \ ____ _ 
r,15 n_sec -..l min 

OUTPUT _ ... ______ ,_"""'""""""" rmm 
g~T~P~l~LID -

BUS -----~~i-,.:::::::::::-14_0_n-se-c":_":_":_-:_-_-_-_-_-_-_-__ ..r; 

min 

PP5 

Figure 6-9. MPP Timing Considerations (Sheet 2 of 4) 
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CONDITION 
MET LOGIC 

PP5 

CPU Q_ OVERFLOW 
REGISTER 

CLR 

c. USE OF MICROPORT SIGNALS MPP AND STOV 

+5 

$Ji' 
MPPCNDX o<J---I-+1--

1 

I 
I 

~ I PP5 
--~,_____I -

I 
I 

+5 I 

f i STOV 

I 
LRO ~ I ITTD 

IF TWO PROCESSORS USE THE PORT, 
USE PLRO TO ENABLE ONE PROCESSOR 
ON THE PORT AT A TIME 

USER MAY USE 
PPISP OR PP2SP 
TO RESET READY 
AND START NEXT 
OPERATION 

SINCE STOV ASYNCHRONOUSLY 
SETS THE CPU OVERFLON, THE 
USER SHOULD ENSURE THAT 
STOV IS A PULSE OF DURATION 
<CPU T PERIOD 

_ ___,v-'--1 -
I DEVICE OVERFLOW 

D Q 

CLEAR 
DEVICE 

OVER'FLOW 
LATCH 

PP5 

0 MIN 

l.------3-5-n-se_c~ 

USER SHOULD USE THE LEADING 
EDGE OF P5 TO ASSERT MPP. 

>CK 

i.-------140nsec MIN-------.111 ~ 
!,..._ _____ 51 nsec MAX -----t•MI 

MPP MUST BE VALID 51 nsec MAX 
AFTER THE RISING EDGE OF PPS. 

PP
5

-L""'"~--fi 
~ ~·~~_...__ __ _ 

\ __ _ 
OnsecMIN I.-- -t-25nsecMIN I ~ I THE CPU OVERFLOW 

25 nsec MAX REGISTER CAN BE 
CLEAR ED ONLY BY 
"CO,V" MICROINSTRUCTION 

Figure 6-9. MPP Timing Considerations (Sheet 3 of 4) 
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D. PIRST TIMING 

\ ___ _ PP5 { 

PIRST y3S,w~c ---------

1 19 ~sec I r-- min 

E. PPlSP AND PP2SP TIMING 

PP5 --------..... 1 ... -.. 0----_-_-_-_-_-_-_-~9-5-m-~~-ec---_-_-_-_-_-_-_-_ -..... ~:F35 "'"'~,•--------

PP5 __________ :·~~~~~~~~~~-8-3-n-se-c~~~~~~~~~~~y· .. ----3-5-n-se_c ____ ~,._ _______ ~ 
PP2SP~ Imm 

------+--Om•"1 r-
NOTE: 

THERE IS A DECODER SETTLING TIME AT THE BEGINNING 
OF EVERY MICROCYCLE DURING WHICH TIME PP1SP AND 
PP2SP ARE INDETERMINATE. THE SETUP TIME INDICATES 
THE START OF THE STABLE PERIOD. IF THE INDETERMINATE 
PERIOD POSES DIFFICULTY, MPP1SP AND PP2SP CAN BE 
QUALIFIED WITH PP5. 

Figure 6-9. MPP Timing Considerations (Sheet 4 of 4) 
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HP INTERFACE KITS lr0!h*1 

This appendix contains condensed general descriptions of 
general-purpose interface kits currently available from 
Hewlett-Packard. Unless otherwise specified, the inter­
face kits listed are compatible with both the HP 21MX 
M-Series and E-Series Computers. Additional information 
for these interface kits is available at any of the Hewlett­
Packard Sales and Service Offices listed at the back of this 
manual. 

A-1. HP 12531C BUFFERED TELE­
PRINTER INTERFACE KIT 

The HP 12531C interfaces HP 21MX M- and E-Series 
Computers to HP 2752A and HP 2754B Teleprinters using 
current loop signals. Optional features permit interfacing 
to a variety of EIA compatible devices, including Bell 103 
Type data sets or equivalent (manual mode only). Five 
jumper-selectable data transfer rates (110, 220, 440, 880, 
and 1760 bits per second) are available. A second jumper· 
permits control of the data transfer rate up to a maximum 
of 2400 bits per second by an external clock from the 
associated I/O device. 

A-2. HP 12531 D TERMINAL 
INTERFACE KIT 

The HP 12531D interfaces HP 21MX M- and E-Series 
Computers to a variety of terminal devices. The standard 
interface permits interfacing with I/O devices using cur­
rent loop signals. Optional features permit interfacing to a 
variety ofEIA compatible devices, including Bell 103 Type 
data sets or equivalent (manual mode only), HP 2640A 
Interactive Display Terminals, and HP 2644A Mini Data 
Stations. Five jumper-selectable data transfer rates (150, 
300, 600, 1200, and 2400 bits per second) are available. A 
second jumper permits control of the data transfer rate up 
to a maximum of 9600 bits per second by an external clock 
from the associated I/O device. 

A-3. HP 125518 RELAY REGISTER 
INTERFACE KIT 

The HP 12551B interfaces HP 21MX M- and E-Series 
Computers to external devices that require floating con­
tact closures. The standard interface provides 16 floating 
contact closures that can be used to control one device or, 
subdivided in any combination, to control several devices. 
The opening and closing of each set of relay contacts is 
under computer program control and the voltages 
switched through the relay contacts can differ from each 
other and from computer ground by as much as lOOV 

peak. The relay contacts can be connected in series, paral­
lel, or series-parallel, with or without diode isolation. An 
optional feature permits data to be read back into the 
computer from the interface's storage register. 

A-4. HP 12554A 16-BIT DUPLEX 
REGISTER INTERFACE KIT 

The HP 12554A interfaces HP 21MX M- and E-Series 
Computers to a variety of digital I/O devices. The interface 
permits 16-bit input, output, or combined input/output 
operations between a computer and its associated I/Ode­
vice by providing a 16-bit input storage register, a 16-bit 
output storage register, and all required control and inter­
rupt logic. 

A-5. HP 125558 DIGITAL-TO-ANALOG 
CONVERTER INTERFACE KIT 
(M-SERIES ONLY) 

The HP 12555B interfaces HP 21MX M-Series Computers 
to a variety of external I/O analog devices. The interface 
receives 16-bit binary words from the computer, divides 
each 16-bit word into two 8-bit bytes, and stores these 
words in two 8-bit registers. Outputs from the two 8-bit 
registers are scaled to provide two analog output voltages 
that are used as the X- and Y-axis input signals to the 
external analog device. The magnitude of each analog 
output voltage is given by lON/255, where N is the deci­
mal value represented by the combination of bits in each 
group of eight bits from the computer. For conventional 
oscilloscopes, the analog output signals are regenerated 
every 20 milliseconds to refresh the display. For storage 
type I/O devices, an Erase signal is generated to remove a 
previously generated display. Positive or negative blank­
ing signals are also generated that can be connected to the 
Z-axis input of the device to provide the display after the 
interface circuits have stabilized. The interface also ac­
cepts a Device Flag signal from the external device that 
indicates when the device is ready to receive new data. 

A-6. HP 125568 40-BIT OUTPUT 
REGISTER INTERFACE KIT 
(M-SERIES ONLY) 

The HP 12556B interfaces with HP 21MX M-Series Com­
puters and has a 40-bit output capacity. Its capabilities 
include driving digital recorders such as the HP 5055A 
and HP 5050B or equivalent, driving program input lines 
of stimulus or measuring instruments, and driving control 
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panel indicators or control lines. The interface's 40-bit 
output register offers two jumper-selectable output modes; 
ASCII and binary. In ASCII mode, the register assembles 
the BCD portion of ASCII characters from six words in 
computer memory. In binary mode, the register assembles 
the output from three words in computer memory. 

A-7. HP 12560A DIGITAL PLOTTER 
INTERFACE KIT 

The HP 12560A interfaces HP 21MX M- and E-Series 
Computers to the California Computer Products 
(CALCOMP) Model 565 or 563 Digital Incremental Plot­
ter. The interface provides control, interrupt, and output 
logic circuits for computer program control of the plotter. 
When properly programmed, the interface accepts any 
combination of parallel six bits from the computer and 
applies these six bits to the plotter for conu·ol of the drum, 
pen, an,d pen carriage assemblies. Drive capability for 
either the Model 565 or 563 is jumper selectable. 

A-8. HP 12566B MICROCIRCUIT 
INTERFACE KIT 

The HP 12566B interfaces HP 21MX M- and E-Series 
Computers to a variety of digital measurement devices 
with DTL/TTL outpvt voltage levels. The interface per­
mits 16-bit input and output information flow between the 
computer and its associated 1/0 device at data speeds 
much greater than can be achieved with discrete 
components. 

A-9. HP 12587B ASYNCHRONOUS 
DATA SET INTERFACE KIT 
(M-SERIES ONLY) 

The HP 12587B interfaces HP 21MX M-Series Computers 
to common carrier data transmission equipment or, as an 
optional feature, to a computer terminal. During transmit 
operations, the interface converts parallel data output 
from the computer into serial data that is compatible with 
a data set or computer terminal. During receive opera­
tions, the interface converts serial data output from a data 
set or computer terminal into parallel data for computer 
input. The interface can provide asynchronous communi­
cations at speeds up to 3110 bits per second. The data rates 
are jumper-selectable and programmable functions in­
clude character size, parity generation, parity checking, 
and the selection of one or two stop bits. 

A-10. HP 12589A AUTOMATIC DIALER 
INTERFACE KIT (M-SERIES ONLY) 

The HP 12589A interfaces the HP 21MX M-Series Com­
puters to a Bell Auxiliary Data Set 801 Automatic Calling 
Unit. The automatic calling unit permits the computer to 
dial telephone numbers under program control to access a 
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remote terminal for data transmission. Automatic calling 
can be used with either asynchronous or synchronous 
interface kits. 

A-11. HP 12597A 8-BIT DUPLEX 
REGISTER INTERFACE KIT 

The HP 12597 A interfaces HP 21MX M- and E-Series 
Computers to a variety of external 1/0 digital devices. The 
interface permits 8-bit input, output, or combined input/ 
output operations between a computer and its associated 
I/O device by providing an 8-bit input storage register, an 
8-bit output storage register, and all required control and 
interrupt logic. 

A-12. HP 12604B DATA SOURCE 
INTERFACE KIT 

The HP 12604B interfaces HP 21MX M- and E-Series 
Computers to a variety of digital measurement devices. 
The interface provides a 32-bit capacity and, as such, can 
transfer up to eight BCD digits from counters, digital 
voltmeters, etc. to the computer. The interface employs 
referenced capacitive coupling to accommodate input logic 
voltage levels from - lOOV to + lOOV. 

A-13. HP 12618A SYNCHRONOUS DATA 
SET INTERFACE KIT 

The HP 12618A interfaces HP 21MX M-Series Computers 
to data communication networks equipped with high­
speed synchronous data sets such as the Bell 201 Type or 
equivalent. Using fully independent transmit and receive 
channels, the interface can operate in either half or full 
duplex mode at data transfer rates up to 9600 bits per 
second. Under program control, the interface also provides 
selection of parity generation and checking, a synchro­
nization character, character size, and a special character 
recognition/interrupt capability. 

A-14. HP 12620A BREADBOARD 
INTERFACE KIT 

The HP 12620A is a single plug-in 1/0 interface PCA that 
contains the standard HP flag and interrupt circuits re­
quired by the HP 21MX M- and E-Series Computers. The 
interface permits users to design and add to the PCA 
special circuits required to interface unique 1/0 devices to 
HP computers. 

A-15. HP 12880A TERMINAL 
INTERFACE KIT 

The HP 12880A interfaces HP 21MX M- and E-Series 
Computers to console type terminals and provides 
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jumper-selectable data transfer rates up to a maximum of 
9600 bits per second. The standard interface is supplied 
with a cable suitable for connecting to most EIA termi­
nals. An optional cable permits direct connections to the 
HP 2640 Interactive Display Terminal and to the HP 
2644A Mini Data Station. 

A-16. HP 12889A HARDWIRED SERIAL 
INTERFACE KIT 
(M-SERIES ONLY) 

The HP 12889A enhances the data communication capa­
bility of the HP 21MX M-Series Computers. The interface 
enables high-speed, asynchronous, long distance, point­
to-point data transfer between two HP 21MX M-Series 
computers. The interface operates in any of four data 
handling modes; program to program, program to DCPC, 
DCPC to program, and DCPC to DCPC. 

A-17. HP 129208 ASYNCHRONOUS 
MULTIPLEXER 

The HP 12920B interfaces HP 21MX M- and E-Series 
Computers to provide multiplexed I/O capability for up to 
16 communications devices at programmable data rates 
up to 2400 bits per second. The standard interface provides 
multiplexed I/O capability for up to 16 Bell 103 Type data 
sets or bit serial EIA RS232 compatible terminals such as 
teleprinters, card readers, or similar devices. Optional fea­
tures provide for up to 16 Bell 202 Type data sets or up to 
eight Bell 801 Type automatic dialers. All input and out­
put channels are independent so that full duplex and 
split-speed devices can be interfaced. 

A-18. HP 12930A UNIVERSAL 
INTERFACE KIT 

The HP 12930A interfaces HP 21MX M- and E-Series 
Computers to a wide variety of external I/O devices. Pro­
grammable switches provide the versatility required for 
the interface to accommodate most I/O interface require­
ments. The interface's dual channel design provides the 
capability for transferring large blocks of data over dis­
tances up to 500 feet. Optional features provide a choice of 
either ground-true or positive-true TTL logic in place of 
the standard differential logic. 

A-19. HP 12936A PRIVILEGED INTER­
RUPT FENCE ACCESSORY 

The HP 12936A is a single printed-circuit assembly that 
can be installed in one of the I/O slots in an HP 21MX M­
or E-Series Computer to provide a programmable I/Obar­
rier between high and low priority I/O devices. It contains 
all required circuitry to control both the generation of 
interrupts and to inhibit the priority line to lower priority 
devices under program control. 
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A-20. HP 12966A BUFFERED ASYN­
CHRONOUS DATA COMMUNI­
CATIONS INTERFACE 

The HP 12966A interfaces HP 21MX M- and E-Series 
Computers to asynchronous, bit-serial, EIA RS232C com­
patible data sets or terminals. The interface permits the 
selection of parity generation and checking (even, odd, or 
none), selection of character size (five or eight bits), selec­
tion of number of stop bits (one or two), and a selection of 
data transfer rates from 50 to 9600 bits per second all 
under program control. 

A-21. HP 12967A SYNCHRONOUS 
COMMUNICATIONS INTERFACE 
(M-SERIES ONLY) 

The HP 12967 A interfaces HP 21MX M-Series Computers 
to any EIA RS232C compatible data set and provides 
half-duplex, synchronous, bit-serial, data communications 
at transfer rates up to 20,000 bits per second. Under pro­
gram control, the interface permits the selection of parity 
generation and checking and the ability to transfer data 
under either program control or DCPC control. Character 
size is fixed at eight bits and a switch selectable synchro­
nization character permits automatic synchronization of 
incoming data. 

A-22. HP 12968A ASYNCHRONOUS 
COMMUNICATIONS INTERFACE 

The HP 12968A interfaces HP 21MX M- and E-Series 
Computers to EIA RS232C compatible, asynchronous data 
sets and terminals and provides half-duplex, asynchro­
nous, bit-serial data communications at transfer rates up 
to 9600 bits per second. The HP 12968A is an economical, 
low-power version of the HP 12966A and is identical in 
every respect to the HP 12966A except that it has a two­
character buffer and no special character capability. 

A-23. HP 593108 HP-18 INTERFACE KIT 

The Hewlett-Packard Interface Bus (HP-IB) is Hewlett­
Packard's implementation of IEEE Standard 488-1975, 
Digital Interface For Programmable Instrumentation. 
The HP 59310B interfaces the HP 21MX M- and E-Series 
Computers to the HP-IB which provides a two-way-digital 
communications structure for one or more instruments 
with ASCII-compatible interfaces. The interface makes 
the following bus functions available to the computer: 
listen and talk functions, serial or parallel poll identifica­
tion, controller clearing, and four types of interrupt flag­
ging. Data transfers are byte-serial and bit-parallel (8-bit 
bytes). Data transfers can be accomplished under either 
program or DCPC control. 
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A-24. HP 91000A PLUG-IN 20 KHZ 
ANALOG-TO-DIGITAL 
INTERFACE SUBSYSTEM 

The HP 91000A is a complete computer-controlled data 
aquisition subsystem that can be connected into an I/O 
slot of either an HP 21MX M- or E-Series Computer. Once 
installed, the interface can, under program control, scan 
the outputs of multiple external analog devices, convert 
the analog signals into 12-bit two's complement binary 
representation, and return the binary number to the com­
puter for processing. Jumper selections permit the inter­
face to be configured to accept either 8 differential or 16 
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single-ended analog signals in the range of + 10.235 to 
- 10.240 volts. 

A-25. HP 912008 TV INTERFACE KIT 

The HP 91200B interfaces HP 21MX M-Series Computers 
to both black-and-white and color television monitors. 
Under program control, the interface generates a compo­
site video signal to provide displays that combine both 
graphic images and alphanumeric characters on television 
monitors. The interface is compatible with either Ameri­
can or European standard broadcast TV scan rates and, in 
addition, can supply non-standard scan rates to optimize 
its operation with television monitors operating with 
60-Hz vertical rates. 



1/0 SIGNAL DEFINITIONS 1rnrrn1 

This appendix contains a list of definitions for the signals 
available on the I/O backplane. The list is arranged in 
signal mnemonic, alphabetical order. Connector pin 
number assignments for the signals are contained in 
table 4-1. The signals are generated at the T-period times 
illustrated in figures 4-5 and 4-8. Program control of the 
signals and how they interrelate are discussed in 
Sections III and IV. 

BIOO: 

CLC: 

CLF: 

CRS: 

"Not" Block I/O Input. Used to strobe data 
from the I/O interface PCA into the com­
puter during microprogrammed I/O trans­
fers. (Refer to BIOS.) The BIOI signal is 
true when micro-order IOI is in the S-Bus 
Field of a microinstruction and no micro­
order IOG is in the two preceding Special 
Fields. 

"Not" Block I/O Output. Used to strobe data 
from the computer into the I/O interface 
PCA during microprogrammed I/O trans­
fers. (Refer to BIOS.) The BIOO signal is 
true when micro-order IOO is in the Store 
Field of a microinstruction and no micro­
order IOG is in the two preceding Special 
Fields. 

"Not" Block I/O Strobe. Used in conjunction 
with BIOI and BIOO signals during micro­
programmed I/O transfers. During output 
transfers, data is valid on the I/O bus at the 
trailing edge of BIOS. During input trans­
fers, data must be enabled onto the I/O bus 
at BIOI time. BIOI• BIOS verifies comple­
tion of the input transfer. 

Clear Control flip-flop. Used to clear ad­
dressed I/O interface PCA's Control and 
Command flip-flops. The CLC signal is gen­
erated by a CLC instruction. 

Clear Flag flip-flop. Used to clear addressed 
I/O interface PCA's Flag Buffer and Flag 
flip-flops. The CLF signal is generated by a 
CLF instruction. 

Control Reset. Used to clear all I/O inter­
face PCA's Control flip-flops. The CRS sig­
nal can be generated by either a CLC in­
struction addressed to select code 00, a false 
PON signal, or by pressing the Operator 
Panel PRESET switch. 

EDT: 

ENF: 

FLG: 

IAK: 

IEN: 

IOG: 

IOI: 

IOO: 

End Data Transfer. Used during DCPC 
transfers to notify the I/O device that a data 
transfer is complete. The EDT signal is 
generated when the number of transferred 
words counted by the DCPC Word Count 
Register equals the number of words 
specified in the programmed block length. 

Enable Flag. Used during I/O operations to 
time the setting of all I/O interface PCA's 
Flag flip-flops. The ENF signals is gener­
ated by a buffered T2 time signal. 

Flag. Used in conjunction with the ad­
dressed I/O interface PCA's IRQ signal to 
initiate an interrupt for an I/O device. The 
FLG signal is generated when the ad­
dressed I/O interface PCA receives a com­
bination of programmed I/O control signals 
from the computer and a Device Flag signal 
from the I/O device. This signal is also used 
to define the SCM octal digit for the inter­
rupt address. 

Interrupt Acknowledge. Used to clear the 
addressed I/O interface PCA's Flag Buffer 
flip-flop to prevent a second interrupt from 
occurring for the same IRQ and FLG sig­
nals. The IAK signal is generated after the 
computer has encoded the interrupt address 
and is under control of the instruction 
stored in the trap cell. 

Interrupt Enable. Used to enable or disable 
all I/O interface PCA's IRQ flip-flops. The 
IEN signal is controlled by STF and CLF 
instructions addressed to select code 00. 

I/O Group. Used in conjunction with SCM 
and SCL signals to enable the addressed I/O 
interface PCA. The IOG signal is generated 
whenever an I/O group instruction is 
initiated. 

I/O Data Input. Used to strobe data 
from the addressed I/O interface PCA into 
the computer. The IOI signal is generated 
by either an LIA, LIB, MIA, or MIB 
instruction. 

I/O Data Output. Used to strobe data from 
the computer into the addressed I/O inter­
face PCA. The IOO signal is generated by 
either an OT A or OTB instruction. 
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IRQ: 

PON: 

PO PIO: 

PRH: 

PRL: 

RUN: 

SCL: 

B-2 

Interrupt Request. Used in conjunction 
with the addressed I/O interface PCA's FLG 
signal to initiate an interrupt for an I/O 
device. The IRQ signal is generated when 
the addressed I/O interface PCA receives a 
combination of programmed I/O control 
signals from the computer and a Device 
Flag signal from the I/O device. This signal 
is also used to define the SCL octal digit for 
the interrupt address. 

Power On Normal. Used as a master reset 
signal for the entire computer and, when 
false, generates the CRS and POPIO sig­
nals for all I/O interface PCA's. A false 
PON signal is generated when power is ini­
tially applied to the computer. 

Power On Preset to I/O. Used to set all I/O 
interface PCA's Flag Buffer flip-flops. The 
POPIO signal is generated by either a false 
PON signal or by pressing the Operator 
Panel PRESET switch. 

Priority High. Used in conjunction with the 
PRL signal to maintain the priority chain 
between all I/O interface PCA's. The PRH 
signal is high whenever no I/O interface 
PCA's with a higher priority are requesting 
an interrupt. 

Priority Low. Used in conjunction with the 
PRH signal to maintain the priority chain 
between all I/O interface PCA's. The PRL 
signal is high whenever the I/O interface 
PCA is not requesting an interrupt and no 
I/O interface PCA's with a higher priority 
are requesting an interrupt. 

Run. For HP 21MX M-Series Computers, 
the RUN signal reflects the state of the 
CPU Run flip-flop. For HP 21MX E-Series 
computers, the RUN signal can be used for 
remote control of an unattended or inacces­
sible computer. (Refer to paragraph 5-10.) 

Select Code Least Significant Digit. Used in 
conjunction with the SCM signal to deter­
mine which I/O interface PCA is to receive 
an I/O instruction. The SCL, SCM, and IOG 
signals must all be true in order to enable 
an I/O interface PCA. The SCL signal is 
generated by decoding bits 2 - 0 of an I/O 
instruction into an octal digit. 

SCM: 

SFC: 

SFS: 

SIR: 

SKF: 

SRQ: 

STC: 

STF: 

M/E 

Select Code Most Significant Digit. Used in 
conjunction with the SCL signal to deter­
mine which I/O interface PCA is to receive 
an I/O instruction. The SCM, SCL, and IOG 
signals must all be true in order to enable 
an I/O interface PCA. The SCM signal is 
generated by decoding bits 5 - 3 of an I/O 
instruction into an octal digit. 

Skip if Flag is Clear. Used in conjunction 
with the SKF signal to test if the addressed 
I/O interface PCA's Flag flip-flop is clear. 
The SFC signal is generated by an SFC 
instruction. 

Skip if Flag is Set. Used in conjunction with 
the SKF signal to test if the addressed I/O 
interface PCA's Flag flip-flop is set. The 
SFS signal is generated by an SFS 
instruction. 

Set Interrupt Request. Used during inter­
rupt processing to time the setting of the 
I/O interface PCA's IRQ flip-flop. The SIR 
signal is generated by a buffered T5 time 
signal. 

Skip on Flag. Used in conjunction with the 
SFS and SFC signals to indicate the state 
(set or clear) of the addressed I/O interface 
PCA's Flag flip-flop. The SKF signal is gen­
erated when the addressed I/O interface 
PCA's Flag flip-flop is set and the SFS sig­
nal is true or when the Flag flip-flop is clear 
and the SFC signal is true. 

Service Request. Used during DCPC opera­
tions to initiate a DCPC cycle. The SRQ 
signal is generated whenever the addressed 
I/O interface PCA's Flag flip-flop is set indi­
cating that the associated I/O device is 
ready for a data transfer. 

Set Control flip-flop. Used to set addressed 
I/O interface PCA's Control and Command 
flip-flops. The STC signal is generated by 
an STC instruction. 

Set Flag flip-flop. Used to set addressed 
I/O interface PCA's Flag Buffer flip-flop. 
The STF signal is generated by an STF 
instruction. 



HEWLETT.PACKARD 

SALES & SERVICE OFFICES 
AFRICA, ASIA, AUSTRALIA 

ANGOLA 
Telectra 
Empresa T~cnica de 

Equipamentos 
El~ctricos. SAR.L 

.R. Barbosa Rodrigues. 42-rnT 
Caixa Postal. 6487 
Luanda 
Tel 35515/6 
Cable: TELECTRA Luanda 

AUSTRALIA 
Hewlett-Packard Australia 

Ply. Ltd 
31-41 Joseph Street 
Blackburn. Victoria 3130 
P.O. Box 36 
Doncaster East. Victoria 3109 
Tel: 89-6351 
Telex 31-024 
Cable: HEWPARD Melbourne 
Hewlett-Packard Australia 

Ply.Ltd 
31 Bridge Street 
Pymble 
New South Wales. 2073 
Tel: 449-6566 
Telex: 21561 
Cable: HEWPARD Sydney 
Hewlett-Packard Australia 

Pty. Ltd. 
153 Greenhill Road 
Parkside. SA. 5063 
Tel: 272-5911 
Telex: 82536 ADEL 
Cable: HEWPARD ADELAID 
Hewlett-Packard Australia 

Ply.Ltd .. 
141 Stirling Highway 
Nedlands. WA 6009 
Tel: 86-5455 
Telex 93859 PERTH 
Cable HEWPARD PERTH 
Hewlett-Packard Australia 

Ply. Ltd 

~;~~~:~~.g~ng f1r~~b9 
Tel: 95-2733 
Telex: 62650 Canberra 
Cable HEWPARD CANBERRA 
Hewlett Packard Australia 

5t:~ooLrtd 
Teachers Union Building 
495-499 Boundary Street 
f~rj~i-~~~4 4000 Queensland 

Cable: HEWPARD Brisbane 

GUAM 
Medical/Pocket Calculators Only 
Guam Medical Supply. Inc. 
Jay Ease Building. Room 210 
P 0. Box 8947 

i:i'.6~6~~~156911 
Cable EARMED Guam 

CANADA 

HONG KONG 
~cgmB~x&2~7(Hong Kong) Ltd 

Connalight Centre 
39th Floor 
Connaught Road. Central 

~e?n~-2~~~e1 -5 
Telex 74766 SCHMC HX 
Cable: SCHMIDTCO Hong Kong 

INDIA 
Blue Star Ltd 
Kasturi Buildings 
Jamshed1i Tata Rd 
Bombay 400 020 
Tel: 29 50 21 
Telex: 001-2156 
Cable BLUEFROST 
Blue Star Ltd 
Sa has 
414/2 Vir Savarkar Marg 
Prabhadevi 
Bombay 400 025 
Tel: 45 78 87 
Telex 011-4093 
Cable: FROSTBLUE 
Blue Star Ltd 
Band Box House 
Prabhadevi 

~e?~~a13 b~o 025 
Telex 011-3751 
Cable BLUESTAR 
Blue Star Ltd 
14/40 Civil Lines 

fe~nf~~ ~~8 001 
Telex. 292 
.Cable BLUESTAR 
Blue Star Ltd 
7 Hare Street 
P.O. Box 506 
Calcutta 700 001 
Tel: 23-0131 
Telex 021-7655 
Cable BLUESTAR 
Blue Star Ltd 
7th & 8th Floor 
Bhandari House 
91 Nehru Place 
New Deihl 110024 
Tel: 634770 & 635166 
Telex 031-2463 
Cable: BLUESTAR 
Blue Star Ltd 
Blue Star House 
11 /11 A Magarath Road 
~e~ne5~i~e 560 025 

Telex. 043-430 
Cable BLUESTAR 
Blue Star Ltd 
Meeakshi Mandiran 
xxx/1678 Mahatma Gandhi Rd 
Cochin 682 016 
Tel: 32069.32161.32282 
Telex: 0885-514 
Cable: BLUESTAR 
Blue Star Ltd 
1-1-117/1 
Sarojini Devi Road 

BRITISH COLUMBIA 
Hewlett-Packard (Canada) Ltd 
837 E Cordova Street 
Vancouver V6A 3R2 
Tel: (604) 254-0531 
TWX 610-922-5059 VCR 

Secunderabad 500 003 
Tel 70126. 70127 
Cable: BLUEFROST 
Telex 015-459 
Blue Star Ltd. 
2/34 Kodambakkam High Road 
Madras 600034 
Tel 82056 
Telex 041-379 
Cable. BLUESTAR 
Blue Star Ltd 
Natara1 Mansions 
2nd Floor Bistupu r 
Jamshedpur 831 001 
Tel: 7383 
Cable BLUESTAR 
Telex: 240 

INDONESIA 
BERGA Indonesia PT 
P 0 Box 496/Jkt 
JLNeAbdul Mu1s 62 
Jakarta 
Tel 40369. 49886.49255.356038 
JKT.42895 
Cable BERCACON 
BERGA Indonesia Pt 
63 JL. Raya Gubeng 

fe~r~~3'69 
ISRAEL 
Electronics & Engineering Div 

of Motorola l;,ael Ltd 
17. Kremenetsk1 Street 
P 0 Box 25016 
Tel-Aviv 
Tel 38973 
Telex 33569 
Cable. BASTEL Tel-Aviv 

JAPAN 
Yokogawa-Hewlett-Packard Ltd 
Ohashi Building 
59-1 Yoyogi 1-Chome 
Shibuya-ku. Tokyo 151 
Tel 03-370-2281192 
Telex 232-2024YHP 
Cable: YHPMARKET TOK 23- 724 
Yokogawa-Hewlett-Packard Ltd 
Chuo Bldg .. 4th Floor 
4-20. N1shinaka1ima 5-chome 
Yodogawa-ku. Osaka-sh1 
Osaka.532 
Tel 06-304-6021 
Yokogawa-Hewlett-Packard Ltd 
Nakamo Building 
24 Kami Sasaj1ma-cho 

~;1ka(~~;n?i-~f?1oya . 450 

Yokogawa-Hewlett-Packard Ltd 
Tanigawa Building 
2-24-1 Tsuruya-cho 
Kanagawa-ku 
Yokohama. 221 
Tel 045-312-1252 
Telex 382-3204 YHP YOK 
Yokogawa-Hewlett-Packard Ltd 
Milo Mitsu Building 
105. Chome-1.San-no-maru 

MANITOBA 
Hewlett-Packard (Canada) Ltd 
513 Century St 
St. James 

r:1in~io4j97;l~5W 
TWX 610-671-3531 

CENTRAL AND SOUTH AMERICA 

ARGENTINA 
~e;ilett-Packard Argentina 

Av. Leandro N. Alem 822 - 12 
1001 Buenos Aires 
Tel: 31-6063.4.5.6 and 7 
Telex: Public Booth N 9 
Cable HEWPACK ARG 

BOLIVIA 
Casa Kavlin S.A 
Calle Potosi' 1130 
P.O. lox 500 
La Paz 
Tel: 41530.53221 
Telex: ewe BX 5298.ITI 3560082 
Cable: KAVLIN 

BRAZIL 
Hewlett-Packard do Brasil 
l.e.C. Lida 
Avenida Rio Negro. 980 
Alphaville 
06400Baruerl SP 
Tel: 429-2148/9:429-2118/9 

Hewlett-Packard do Brasil 
l.e.C. Lida 
Rua Padre Chagas. 32 
90000-POrto Alegre-RS 
Tel: (0512) 22-2998. 22-5621 
Cable HEWPACK Pono Alegre 
Hewlett-Packard do Brasil 
l.E.C Lida 
Rua Siqueira Campos. 53 
Copacabana 
20000-Rio de Janeiro 
Tel 257-80-94-DDD (021) 
Telex: 391-212-1905 HEWP-BR 
Cable: HEWPACK 

Rio de Janeiro 

CHILE 
Calcagni y Metcalfe Lida 
Alameda 580-0f. 807 
Casilla 2118 
Santiago. 1 
Tel: 398613 
Telex 3520001 CALMET 
Cable CALMET Santiago 

COLOMBIA 
lnstrumentacidn 
Henrik A. Langebaek & Kier S.A 
Carrera 7 No. 48-75 
Aparlado Mreo 6287 
Bogota, I D.E 
Tel: 69-88-77 
Cable AARIS Bogota 
Telex. 044-400 

COSTA RICA 
Cientifica Costamcense S.A 
Calle Central. Avenidas 1 y 3 
Apartado 10159 
San Jose 
Tel: 21-86-13 
Cable GALGUR San Jos~ 

ECUADOR 
Medical Only 
A.F. Vizcaino Compai'lia Lida 
Av. Rio Amazonas No. 239 
P 0 Box 2925 
Quito 
Tel: 242-150.247-033/034 
Cable· Astor Quito 

r:~1~~P-\i9 
Telex NZ 3839 
Cable: HEWPACK Wellington 
Hewlett-Packard (NL) Ltd 

~\tooJ~~'.~~-ma ~~~u~~~~~a~~~fe~1~1~~~y Centre 

Yokogawa-Hewlett-Packard Ltd Box 51092 

Inoue Building f~k~~~~~~ 
1348-3. Asahi-cho. 1-chome Cable: HEWPACK.Auckland 

~18o~b~a4~igi5!>a 243 
Analytical/Medical Only 

Yokogawa-Hewlett-Packard Ltd Medical Supplies NL Ltd 
Kumagaya Asahi Scientific Division 
Hachijuni Building 79 Carlton Gore Rd . Newmarket 
4th Floor ~~ck~~~~ 234 
3-4. Tsukuba Tel 75-289 
fer~:~~-~:'.6~~~ama 36° Cable DENTAL Auckland 

KENYA ~~~rc~~a~~~w~;1 NO~ly Ltd 
Technical Engineering P.O. Box 1994 

Services(E A )Ltd . 147-161 Tory St 

~~r~~~ 18311 r:~1~~~~i9 
Tel: 557726/556762 Telex 3858 
Cable PROTON Cable DENTAL. Wellington 
Medical Only Analytical/Medical Only 
International Aeradio(E A )Lid . Medical Supplies N .Z Ltd 
P 0 Box 19012 P O. Box 309 
Nairobi Airport 239 Stanmore Road 
Nairobi Christchurch 
Tel 336055156 Tel: 892-019 
Telex. 22201122301 Cable DENTAL. Christchurch 
Cable: INTAERIO Nairobi Analyt1cal/Med1cal Only 
KOREA Medical Supplies N Z Ltd 
Samsung Electronics Co .. Ltd 303 Great King Street 

~o~\fls~~n~mg s1dg 250. 2-K! ri~ri:J1~233 
~:g~rg-Ro. Chung-Ku t~1b1:8 iE1JTAL. Dunedin 

Tel (23) 6811 NIGERIA 
Telex. 22575 The Electronics 
Cable: ELEKSTAR Seoul Instrumentations Ltd 
MALAYSIA N6B/770 Oyo Road 
Teknik Mutu Sdn. Bhd Oluseun House 
2 Lorong 13/6A P M.B. 5402 
Section 13 Ibadan 

ma~Mit4~~langor ~~le~ 1giJ31 TEil Nigeria 
Telex MA 37605 Cable. THETEIL Ibadan 

Protel Engineering 
P 0 Box 1917 
Lot 259. Satok Road 
~~rhJ~So Sarawak 

Cable PROTEL ENG 

MOZAMBIQUE 
A.N. Goncalves. Lia 
162. 1 Apt 14 Av. D Luis 
Caixa Postal 107 
Lourenco Marques 
Tel 27091. 27114 
Telex 6-203 NEGON Mo 
Cable: NEGON 

NEW ZEALAND 
Hewlett-Packard (NL) Ltd 
P 0 Box 9443 
Courtenay Place 

NOVA SCOTIA 
Hewlett-Packard (Canada) Ltd 
800 Windmill Road 
Dartmouth B3B 1L1 
Tel (902) 469-7820 
TWX 610-271-4482 HFX 

Calculators Only 
Computadoras y Equipos 
Electrdnicos 
P 0. Box 6423 CCI 
Eloy Alfaro #1824.3 Piso 
Quito 
Tel· 453482 
Telex 02-2113 Sagita Ed 
Cable: Sagita-Quito 

EL SALVADOR 
lnstrumentacion y Procesam1ento 

Electronico de el Salvador 
Bulevar de los Heroes 11-48 
San Salvador 
Tel 252787 

GUATEMALA 
IPESA 
Avenida La Reforma 3-48. 
Zona 9 
Guatemala City 
Tel: 63627. 64786 
Telex: 4192 Teletro Gu 

MEXICO 
Hewlett-Packard Mexicana. 
SA de C.V 
Torres Adalid No. 21. 11 Piso 
Col. del Valle 
Mexico 12. D.F 
Tel: (905) 543-42-32 
Telex 017-74-507 

The Electronics Instrumenta-
tions Ltd 

144 Agege Motor Road. Mushin 
P 0. Box 6645 
Lagos 
Cable: THETEIL Lagos 

PAKISTAN 
Mushko & Company. Ltd 
Oosman Chambers 
Abdullah Haroon Road 
Karachi-3 
Tel: 511027. 512927 
Telex: 2894 
Cable: COOPERATOR Karachi 
Mushko & Company. Ltd 
38B. Satellite Town 

fe~~~~~~di 
Cable: FEMUS Rawalpindi 

ONTARIO 
Hewlett-Packard (Canada) Ltd 
1020 Morrison Dr 
Ottawa K2H 8K7 
Tel: (613) 820-6483 
TWX 610-563-1636 
Hewlett-Packard (Canada) Ltd 
6877 Goreway Drive 

~\sm~mW~a 1M
8 

TWX 610-492-4246 

Hewlett-Packard Mexicana. 
SA de C.V 
Ave. Constitucidn No. 2184 
Monterrey. N.L. 
Tel: 48-71-32. 48-71-84 
Telex: 0~8-843 

NICARAGUA 
Roberto Teran G 
Apartado Postal 689 
Ed1fic10 Teran 
Managua 
Tel: 25114, 23412,23454 
Cable ROTERAN Managua 
Calculators Only 
Cientifice Costarricewse S.A 
Ciudad Jardin D-1 
Managua 
Tel: 24108 

PANAMA 
Electrdnico Balboa. S.A 
P 0 Box 4929 
Calle Samuel Lewis 
Culdad de Panama 
Tel: 64-2700 
Telex: 3431103 Curunda. 

Canal Zone 
Cable: ELECTRON Panama 

PHILIPPINES 
The Online Advanced 

Systems Corporation 
8th Floor. Filcap1tal Bldg 
Ayala Avenue 
Makati. MetroManila 
Tel 85-35-8t. 85-34-91 
Telex 3274 ONLINE 

RHODESIA 
Field Technical Sales 
45 Kelvin Road North 
P.O. Box 3458 
Salisbury 
Tel 705231 (5 lines) 
Telex RH 4122 

SINGAPORE 
Hewlett-Packard Singapore 

(Pte.) Ltd 
1150 Depot Road 
Alexandra P.O. Box 58 

f~r~m3e5~ 
Telex. HPSG RS 21486 
Cable. HEWPACK. Singapore 

SOUTH AFRICA 
Hewlett-Packard South Africa 

(Ply.). Ltd 

~~1~~l;nBaf r':'n~~~rt~1°4d4 
Hewlett-Packard Centre 
Daphne Street. Wendywood. 

Taipei 
Tel: 3819160-4 -
Cable: HEWPACK TAIPEI 
Hewlett-Packard Far East Ltd 
Taiwan Branch 
68-2. Chung Cheng 3rd. Road 

fe~0(i~\u2~~318-Kaohs1ung 
Analytical Only 
San Kwang Instruments Co Ltd . 
No. 20. Yung Sui Road 
Taipei 
Tel 3715171-4 (5 lines) 
Telex 22894 SANKWANG 
Cable. SANKWANG TAIPEI 

Sandton. Transvaal 2144 TANZANIA 

i~le:0rn:g8 ~f~:~::1gn~r Aerad10 (EA 1. Ltd 
Cable HEWPACK JOHANNESBURG P 0. Box 861 
Service Department Dar es Salaam 
Hewlett-Packard South Africa i~\ei:' 1m3~xt 265 

PX'~J~ ~~~25 THAILAND 
Gramley. Sandton. 2018 UNIMESA Co . Ltd 
451 Wynberg Ex1ension 3. Elcom Research Building 
fe~"~~~-i·1 ~g~1 2538 Sukumv1t Ave 

Telex 8-2391 ~e~nf9~~~87. 3930338 
Hewlett-Packard South Africa Cable. UNIMESA Bangkok 

PliJ~ ~% UGANDA 
Howard Place. Cape Province. 7450 Medical Only 
Pine Park Centre. Forest Drive. International Aerad1o(E.A ). Ltd .. 
Pinelands. Cape Province. 7405 P.O. Box 2577 
Tel 53-7955 thu 9 Kampala 

Telex 57-0006 t~1b1~ 4 r~f AERIO Kampala 
Service Department 
Hewlett-Packard South Africa 

(Ply). Ltd 
P 0 Box 37099 
Overport. Durban 4067 
Braby House 
641 Ridge Road 
Durban. 4001 
Tel 88-7478 
Telex: 6-7954 

TAIWAN 
Hewlett-Packard Far East Ltd .. 
Taiwan Branch 
39 Chung Hsiao Wes1 Road 
Sec 1. 7th Floor 

QUEBEC 
Hewlett-Packard (Canada) Ltd 
275 Hymus Blvd 
Pointe Claire H9R 1G7 

iWx( 5Jf6-~~rn~~ 
TLX 05-821521 HPCL 

PARAGUAY 
Z.J. Melamed S.R.L 
Divisidn: Aparatos y Equipos 

M~dicos 
Divisidn: Aparatos y Equipos 

Cientlf1cos y de lnvestigacidn 
P 0 Box 676 
Chile-482. Ed1ficio Victoria 
Asuncion 
Tel 91-271. 91-272 
Cable. RAMEL 

PERU 
Compai'lia Electro ME!dica S.A 
Los Flamencos 145 
San Isidro Casilla 1030 
Lima 1 
Tel: 41-4325 
Cable ELMED Lima 

PUERTO RICO 
Hewlett-Packard Inter-Americas 
Puerto Rico Branch Office 
Calle 272. 
No. 203 Urb. Country Club 
Carolina 00924 
Tel (809) 762-7255 
Telex 345 0514 

ZAMBIA 
R J. Tilbury (Zambia) Ltd 
P 0 Box 2792 
Lusaka 
Tel 73793 
Cable: ARJAYTEE. Lusaka 

OTHER AREAS NOT LISTED, CONTACT: 
Hewlett-Packard Intercontinental 
3200 Hillview Ave 
Palo Atto, California 94304 
Tel (415) 493-1501 
TWX: 910-373-1267 
Cable: HEWPACK Palo Atto 
Telex 034-8300. 034-8493 

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

URUGUAY 
Pablo Ferrando S.A 
Comercial e Industrial 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 
Tel: 40-3102 
Cable· RADIUM Montevideo 

VENEZUELA 
Hewlett-Packard de Venezuela 
C.A 
P.O. Box 50933 
Caracas 105 
Los Ru1ces Norte 
3a Transversal 
Edific10 Segre 
Caracas 107 
Tel 35-00-11 (20 lines) 
Telex: 25146 HEWPACK 
Cable HEWPACK Caracas 

FOR AREAS NOT LISTED, CONTACT: 
Hewlett-Packard 
Inter-Americas 
3200 Hillview Ave 
Palo Alto. California 94304 
Tel (415) 493-1501 
TWX 910-373-1260 
Cable: HEWPACK Palo Alto 
Telex. 034-8300. 034-8493 



EUROPE, NORTH AFRICA AND MIDDLE EAST 
AUSTRIA 
Hewlett-Packard Ges.rn b H 
Handelska1 52 
P.O. box 7 
A-1205 Vienna 
Tel (0222) 351621 to 27 
cable: HEWPAK Vienna 
Telex· 75923 hewpak a 

BELGIUM 
Hewlett-Packard Benelux 
S.A.!N.V 
Avenue de Col-Vert. 1 
(Groenkraaglaan) 
9-1170 Brussels 
Tel (02) 672 22 40 
Cable: PALOBEN Brussels 
Telex: 23 494 paloben bru 

CYPRUS 
Kypron1cs 
19. Gregorios & Xenopoulos Ad 
P 0 Box 1152 
CY-Nicosia 
Tel 45628129 
Cable KYPRONICS PANDEHIS 
Telex 3018 

BP 162 
F-69130 Ecully 
Tel (78) 33 81 25. 
Cable. HEWPACK Eculy 
Telex: 31 06 17 
Hewlett-Packard France 
Agence Reg1onale 
Pericentre de la Cepulre 
Chemin de la Ci!p1i!re. 20 
F-31300 Toulouse-Le Mirail 
Tel(61) 40 11 12 
Cable. HEWPACK 51957 
Telex· 510957 
Hewlett-Packard France 
Agence Ri!g1onale 
Aeroport principal de 
Marse1lle-Marignane 
F-13721 Marignane 
Tel (91) 8912 36 
Cable HEWPACK MARGN 
Telex. 410770 
Hewlett-Packard France 
Agence Ai!g1onale 

Hewlett-Packard GrnbH 
Technisches Buero Hannover 
Arn Grossmarkl 6 
D-3000 Hannover-Kleefeld 91 
Tel (0511) 46 60 01 
Telex 092 3259 
Hewlett-Packard GrnbH 
Werk Groetz1ngen 
Ohrnstrasse 6 
D- 7500 Karlsruke 41 
Tel (0721) 69 40 06 
Telex 07-825707 
Hewlett-Packard GrnbH 
Technisches Buero Nuremberg 
Neumeyer Str. 90 
D-8500 Nuremberg 
Tel (0911) 56 30 83185 
Telex 0623 860 
Hewlett-Packard GrnbH 
Technisches Buero Munchen 
Unterhach1nger Strasse 28 
ISAR Center 
D-8012 Ottobrunn 
Tel (089) 601 30 6117 
Cable. HEWPACKSA Munchen 
Telex 0524985 63. Avenue de Rochester 

BP 1124 
CZECHOSLOVAKIA F-35014 Rennes Ci!dex Hewletl-Packard GrnbH 
Vyvo1ova a Provozn1 Zakladna Tel (99) 36 33 21 Techn1sches Buero Berlin 
Vyzkumnych Ustavu v Bechov1c1ch Cable HEWPACK 74912 Keith Strasse 2-4 
CSSR-25097 Bechovice u Prahy Telex. 740912 D-1000 Berlin 30 

i::e~91 ~~ 3~j Hewlett-Packard France i::e:o~~) }4ci~0h~~ln d 
Agence Ri!g1onale 

Institute ot Medical B1on1cs 
Vyskurnny Ustav Lekarske1 B1oniky 
Jedlova 6 
CS-88346 Bretistava-Kramare 
Tel 44-551145-541 

DOR 
Entw1cklungslabor der TU Dresden 
Forschungsinst1tut Meinsberg 
DDA-7305 

Waldheim/Meinsberg 
Tel 37 667 
Telex· 112145 
Export Contacl AG Zuench 
Guenther Forgber 
Schlegelstrasse 15 
1040 Berlin 
Tel: 42-74-12 
Telex. 111889 

DENMARK 

~i~~eHrard AJS 
DK-3460 Birkerod 
Tel (02) 81 66 40 
Cable. HEWPACK AS 
Telex· 166 40 hpas 
Hewlett-Packard AIS 
Naverve1 1 
DK-8600 Silkeborg 
Tel (06) 82 71 66 

t~1~ie: ~6E6w'WA~~a~s 
FINLAND 
Hewlett-Packard OY 
Nahkahousunt1e 5 
P 0. Box 6 
SF-00211 Helsinki 21 
Tel· (90) 6923031 
Cable HEWPACKOY Helsinki 
Telex 12-1563 HEWPA SF 

FRANCE 
Hewlett-Packard France 
Quart1er de Courtaboeut 
Bo1te Postale No. 6 
F-91401 Orsay Ci!dex 
Tel. (1) 907 78 25 
Cable HEWPACK Orsay 
Telex. 600048 
Hewlett-Packard France 
Agency Ri!g1onale 
··Le Saqu1n· 
Chemin des Mou1lles 

74. Alli!e de la Roberlsau GREECE 

~~~7~~~l ~rn~i~;~ ~g~1~~111~a~as~r~~;s 
Telex 890141 GR-Athens 126 
Cable HEWPACK STRBG Tel 3237731 
Hewlett-Packard France Cable RAKAR Athens 
Agence Ri!g1onale Telex 21 59 62 rkar gr 

~g~tr~u~a~~rbnen A~rWJ~51 0
G'

1
Y Papathanass1ou & Co 

Entri!e A2 Marni 17 
F-59000 Lille GR - Athens 103 
Tel (20) 51 44 14 Tel 522 1915 
Telex 820744 Cable INTEKNIKA Athens 
Hewlett-Packard France Telex 21 5329 INTE GR 
Centred. Alfaires Pans-Nord Medical Only 
Bat1rnent Ampere Technorned Hellas Ltd 
Rue de La Commune de Pans 52 .Skouta Street 
B P 300 GA - Athens 135 
F-93153 Le Blanc Mesnil Cedex Tel 362 6972. 363 3830 
Tel· 101 I 931 88 50 Cable etalak athens 

GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Bernerstrasse 117 
Postfach 560 140 
D-6000 Frankfurt 56 
Tel (0611) 50 04-1 
Cable HEWPACKSA Frankfurt 
Tel (0611) 50 04-1 
Cable: HEWPACKSA Frankfurt 
Telex: 04 13249 hplfrnd 
Hewlett-Packard GrnbH 
Technisches Buero BCbhngen 
Herrenbergerstrasse 110 

~~~%~~~~~~?.~n. Wurttemberg 

Cable HEPAK BCblingen 
Telex 07265 739 bbn 
Hewlett-Packard GrnbH 
Techn1sches Buero Dusseldort 
Emanuel-Leutze-Str 1 (Seestern) 
D-4000 Dusseldorf 11 
Tel. (0211) 59711 
Telex. 085186 533 hpdd d 
Hewlett-Packard GmbH 
Techn1sches Buero Hamburg 
Wendenstrasse 23 
D-2000 Hamburg 1 
Tel (040) 24 13 93 
Cable. HEWPACKSA Hamburg 
Telex. 21 63 032 hphh d 

Telex 21-4693 ETAL GA 

HUNGARY 
MTA 
Muszerugy1 es M~ri!stechnika1 
Szolgalata 
Lenin Krt 67 
Tel. 42 03 38 
Telex. 22 51 14 

ICELAND 
Medical Only 
Elding Trading Company Inc 
Hafnarhvoli - Tryggvatotu 
IS-Reykjavik 
Tel 1 58 20 
Cable: ELDING Aeyk1av1k 

IRAN 
Hewletl-Packard Iran Ltd 
No 13. Fourteenth St 
Miremad Avenue 
P 0 Box 4112419 
IA-Tehran 
rel 851082-7 
Telex 213405 HEWP IA 

IRAQ 
Hewlett-Packard Trading Co 
Mansoor City 
Baghdad 
Tel 5517827 
Telex: 2455 HepairaQ 1k 
Cable HEWPACDAD 

Baghdad Iraq 

UNITED STATES 
P 0 Box 2103 
Warner Robins 31098 

~ ~li~~~~i'~~~-6165 
Tel. (912) 922-0449 

ALABAMA HAWAII 8290 Whitesburg Dr SE 
P 0 Box 4207 646 W. North Market Blvd ~8~~0~~1uK~8a~yeet 
Huntsville 35802 Sacramento 95834 
Tel (205) 881-4591 Tel (916) 929-7222 Tel 1808) 955-4455 

Telex: 723-705 
Medical Only 9606 Aero Drive 
228 W Valley Ave . P 0 Box 23333 ILLINOIS 
Room 220 San Diego 92123 5201 Tollv1ew Dr 

~~~rw;~)hQ4~-nm 
Tel (7141 279-3200 Roltinf: meadows 60008 

COLORADO iWPgn_m:~~i~ 
ARIZONA 5600 South Ulster Parkway 
2336 E. Magnolia St Englewood 80110 INDIANA 
Phoenix 85034 Tel (303) 771-3455 7301 North Shadeland Ave 
Tel (602) 244-1361 lndlanapolls46250 

CONNECTICUT Tel (317)842-1000 2424 East Aragon Rd 12 Lunar Drive TWX 810-260-1797 Tucson 85706 New Haven 06525 
Tel (602) 294-3148 Tel 1203) 389-6551 IOWA 
"ARKANSAS TWX 710-465-2029 1902 Broadway 
Medical Service Only FLORIDA Iowa City 52240 
P 0 Box 5646 P 0 Box 24210 Tel (319) 338-9466 
Brady Station 2806 W Oakland Park Blvd KENTUCKY 
Little Rock 72215 Ft. Lauderdale 33311 Medical Only 
Tel (501) 376-1844 Tel (305) 731-2020 Atkinson Square 
CALIFORNIA ·Jacksonville 3901 Atkinson Dr 
1430 East Orangethorpe Ave ~e~d\cg1J41e3~~~ogg~ Suite 207 
Fullerton 92631 Louisville 40218 
Tel (714) 870-1000 P 0 Box 13910 Tel (502) 456-1573 

3939 Lankersh1m Boulevard 6177 Lake Ellenor Dr LOUISIANA 
North Hollywood 91604 Orlando 32809 P 0 Box 840 
Tel (213) 877-1282 Tel. (305) 859-2900 3229-39 Williams Boulevard 
TWX 910-499-2671 P 0 Box 12826 Kenner 70063 
6305 Arizona Place Pensacola 32575 Tel (504) 443-6201 
Los Angeles 90045 Tel (904 I 4 76-8422 

MARYLAND Tel. (213) 649-2511 GEORGIA 6707 Whitestone Road TWX 910-328-6147 P 0 Box 105005 Baltimore 21207 
·Los Angeles Atlanta 30348 fWP?i16-~i~:~1g~ Tel (213) 776-7500 Tel (404) 955-1500 
3003 Scott Boulevard TWX.810-766-4890 2 Choke Cherry Road 
Santa Clara 95050 Medical Service Only Rockville 20850 
Tel (408) 249-7000 ~ ~u~4~~\a 75g:g~92 Tel (301) 948-6370 
TWX: 910-338-0518 TWX 710-828-9684 

IRELAND 
Hewlett-Packard Ltd 
King Street Lane 
GB-Wlnnersh,Wokingham 

~:rk~67~~ I j~~~ 7 4 
Telex. 8471781848179 

ITALY 
Hewlett-Packard ltahana S p A 
Via Amerigo Vespucci 2 
Casella postale 3645 
1-20100 Milano 
Tel (2) 6251 (10 lines) 
Cable HEWPACKIT Milano 
Telex. 32046 
Hewlett-Packard ltaliana S p A 
Via Pietro Maroncelh 40 
(ang Via Visentinl 
1-35100 Padova 
Tel (49) 66 48 88 
Telex 41612 Hewpack1 
Medical only 
Hewlett-Packard ltaliana S.p A 
Via d·Agh1ard1. 7 
1-56100 Pisa 
Tel· (050) 2 32 04 
Telex 32046 via Milano 
Hewlett-Packard ltaliana S p A 
Via G. Armelhni 10 
1-00143 Roma 
Tel 106) 54 69 61 
Telex: 61514 
Cable. HEWPACKIT Roma 
Hewlett-Packard llahana S. p A 
Corso Giovanni Lanza 94 
1-10130 Torino 
Tel (011) 6822451659308 
Medical/Calculators Only 
Hewlett-Packard ltahana S p.A 
Via Principe Nicola 43 G!C 
1-95126 Catania 
Tel (095) 37 05 04 
Hewlett-Packard ltaliana S p A 
Via Amerigo Vespucci. 9 
1-80142 Napoli 
Tel (0811337711 
Hewlett-Packard ltaliana S.p A 
Via E Masi. 9/B 

~:1°~g~1~~~°?an~7 
KUWAIT 
Al-Khald1ya Trading & 

p 8os~~c~1~8 Co 
Kuwait 
Tel 42 49 10 
Cable VISCOUNT 

LUXEMBURG 
Hewlett-Packard Benelux 
SA.IN V 
Avenue du Col-Vert. 1. 

~~~~~ok~~~1:;~)ts 
Tel (02) 672 22 40 
Cable. PALOBEN Brussels 
Telex 23 494 

MOROCCO 
Gerep 
190. Blvd. Brah1m Roudani 
Casablanca 
Tel 25-16-76125-90-99 
Cable Gerep-Casa 
Telex 23739 

NETHERLANDS 
Hewlett-Packard Benelux N. V 
Van Heuven Goedhartlaan 121 
P 0 Box 667 
NL-1134 Amstelveen 
Tel: (020) 47 20 21 
Cable: PALOBEN Amsterdam 
Telex: 13 216 hepa nl 

MASSACHUSETTS 
32 Hartwell Ave 

~:ix\~~H'86~2~~~0 
TWX 710-326-6904 

MICHIGAN 
23855 Research Drive 
Farmington Hills 48024 
Tel (313) 4 76-6400 

MINNESOTA 
2400 N Prior Ave 
St. Paul 55113 
Tel (612) 636-0700 

MISSISSIPPI 
"Jackson 
Medical Service only 
Tel (601) 982-9363 

MISSOURI 
11131 Colorado Ave 

~~n(~~~8~~-g~6~7 
TWX 910-771-2087 
1024 Executive Parkway 
St. Louis 63141 
Tel (314) 878-0200 

NEBRASKA 

~~~i~~r~yn 1Aoad 
Suite 110 
Omaha 68106 
Tel (402) 392-0948 

NEW JERSEY 
W 120 Century Ad 
Paramus 07652 
Tel 1201) 265-5000 
TWX 710-990-4951 
Crystal Brook Professional 

Building 
Eatontown 07724 
Tel(201) 542-1384 

NORWAY 
Hewlett-Packard Norge AIS Hewlett-Packard Espanola S.A 
Nesve1en 13 Edif1cio Albia II 7 B 
Box 149 E-Bllba<>-1 
~;nii~t53s~~"Jo Tei 23 a3 06123 a2 06 

Telex 16621 hpnas n ~~~~~;~°Pic~~ia Espanola s.A 
POLAND Gran Via Fernando El Catdlico. 67 
B1uro lnforrnacji Techn1czne1 E-Valencla-8 
Hewlett-Packard Tel 326 67 28/326 85 55 

~J-~J~~~~sz6:wa SWEDEN 
Tel. 3959621395187 Hewlett-Packard Sverige AB 
Ulex. 81 24 53 hepa pl ~~~~hetsvagen l-3 

UNIPAN S-161 20 Bromma 20 
Zaklad Dosw1adczalny Tel (08) 730 OS 50 
Budowy Aparatury Naukowe1 Cable MEASUREMENTS 
Ul Krajowe1 Rady Narodowe1 5115~ Stockholm 
00-800 Warszawa Telex: 10721 
i~:e:6J{~ 6 48 Hewlett-Packard Sverige AB 

Ostra Vintergatan 22 

zaweddy~~fe~;cze Sprzetu ~~~Oto{~) ~~e0bno 
~~i~~~~/aryskieJ 6 Hewlett-Packard Sverige AB 

Tel 334-41. 337-83 ~r-~~\1 s:\1~t~nii~~ra Frdlunda 

fe?e~.~~~m~~esa Ti!cnica de rne~0mtf 8i~ ~~omma Office 
Equ1parnentos Eli!ctricos S.a.r.I SWITZERLAND 
~u& ABo~;i~g3~a Fonseca 103 Hewlett-Packard (Schweiz) AG 
P-Llsbon 1 Zurcherstrasse 20 
Tel (19) 68 60 72 P.O. Box 307 
Cable TELECTRA Lisbon CH-8952 Schlleren-Zurich 
Telex 12598 Tel (01) 730 52 401730 18 21 

~~~~i~t~;ly ~~I~;: ~jg~~ ~~ag ch 
lntercamb10 Mund1al de Corni!rc10 Hewlett-Packard (schweiz) AG 
S ar 1 Chateau B1oc 19 

~vcNo~e2~g~1ar 138 ?~:1(~1~ L;6 ~~22n-Geneva 
P - Lisbon Cable. H~WPACKAG Geneva 
Tel (19) 53 21 31/7 Telex 27 333 hpag ch 
Cable INTERCAMBIO Lisbon SYRIA 
RUMANIA Medical/Calculator only 
Hewlett-Packard Reprezentanta Sawah & Co 
Bd. N. Balcescu 16 Place Azme 
Bucharest B. P. 2308 
Tel 1580231138885 SYR-Damascus 
Telex 10440 Tel 16367. 19697. 14268 
1.1.R.U.C Cable: SAWAH. Damascus 
lntreprinderea Pentru TURKEY 

lntretinerea Telekom Engineering Bureau 
Si Aepararea Utila1elor de Calcul P.O. Box 437 
B-dul prof Dirn1trie Pompei 6 Beyo~lu 
Bucharest-Sectorul 2 TA-Istanbul 
Tel 12 64 30 Tel 49 40 40 
Telex. 11716 Cable TELEMATION Istanbul 
SAUDI ARABIA Telex: 23609 
Modern Electronic Establishment Medical only 

~iig ~~~u~f;f~z str.(Head office) ~~:ndislik Kollektif Sirketi 
Jeddah Adakale Sokak 41/6 
Tel 31173-332201 TR-Ankara 
Cable ELECTRA Tel 175622 
P 0. Box 2728 (Service center) Analytical only 
Riyadh Yilrnaz Ozyurek 
Tel 62596-66232 Milli Mudafaa Cad No 1616 
Cable RADUFCO ~~'.ll~kara 
SPAIN Tel 25 03 09 
Hewlett-Packard Espanola. S.A Telex: 42576 Ozek tr 
Jerez. Calle 3 
E-Madrid 16 UNITED KINGDOM 
Tel(1) 458 26 00 (10 lines) Hewlett-Packard Ltd 

Telex 23515 hpe ~s-gvli~~e~r~~.eWokingharn 
~~~~ee~-~~cwwpano1a. s.A ~:r:kro1~~! j~~~ 74 

f~~{3)~1g3n~2b~ (5 lines) Cable Hewpie London 
Telex. 52603 hpbe e Telex B4717819 

Hewlett-Packard Espanola. S.A Hewlett-Packard Ltd 
Av Ramon y Cajal. 1 Trafalger House. 
Edificio Sevilla. planta 9'. Navagation Road 
E-Seville 5 Altrincham 
Tel 64 44 54/58 Cheshire WA14 1NU 

NEW MEXICO 
P 0 Box 11634 
Station E 1041 K1ngsrnill Parkway 
11300 Lomas Blvd . N.E Columbus 43229 
Albuquerque 87123 Tel (614) 436-1041 
Tel (505) 292-1330 
TWX 910-989-1185 OKLAHOMA 

156 Wyatt Drive P 0 Box 32008 

fe~1(~0~)?2 ?!~~603132 Las Cruces 88001 
Tel. (505) 526-2484 
TWX 910-9983-0550 OREGON 

17890 SW Lower Boones 
NEW YORK Ferry Road 
6 Automation Lane Tualatin 97062 Computer Park 
Albany 12205 

Tel (503) 620-3350 

Tel. (518) 458-1550 PENNSYLVANIA 
201 South Avenue 111 Zeta Drive 

Pittsburgh 15238 
fe~u(~~~)':~:-i;3j~601 Tel (412) 782-0400 
TWX 51O·253-5981 1021 8th Avenue 

King of Prussia Industrial Park 
650 Perinton Hill Ottice Park Kiny of Prussia 19406 

f :irr,~~ 1~'j:~950 iWx 2m-~g6:~~~~ 
5858 East Molloy Road SOUTH CAROLINA 
Syracuse 13211 6941-0 N. Trenholm Road 
Tel (315) 454-2486 Columbia 29260 
TWX. 710·541-0482 Tel: (803) 782-6493 
1 Crossways Park West TENNESSEE 

~~~~1~)rg21 !ciirio "Knoxville 

n1di(~aj 51e~~,j~5g~~ TWX 710-990-4951 

NORTH CAROLINA 
P.O. Box 5188 3027 Vanguard Dr. 
1923 North Main Street Director"s Plaza 
High Point 27262 ~f 'Wms 3~i:~Jrn Tel (919) 885-8101 

OHIO Nashville 
16500 Sprague Road Medical Service only 
Cleveland 44130 Tel (615) 244-5448 
Tel (216) 243-7300 TEXAS 
TWX 810-423-9430 P 0. Box 1270 
330 Progress Ad 201 E. Arapaho Ad 
Dayton 45449 Richardson 75080 
Tel (513) 859-8202 Tel. (214) 231-6101 

Tel (061) 928 6422 
Cable: Hewp1e Manches 
Telex: 668068 

Hewlett-Packard Ltd. 
Lygon Court 
Hereward Rise 
Dudley Road 
Halesowen. 
West Midlands 862 8SO 
Tel. (021) 550 9911 
Telex: 339105 

Hewlett-Packard Ltd 
Wedge House 
799. London Road 
GB-Thornton Heath 
Surrey CR4 6XL 
Tel (01) 684 0103/8 
Telex 946825 

Hewlett-Packard Ltd. 
CID Makro 
South Serviceholesale Centre 
Wear Industrial Estate 
Washington 
GB-New Town. County Durham 
Tel Washington 464001 ext. 57/58 

Hewlett-Packard Ltd 
10. Wesley St 
GB-Castleford 
West Yorkshire WF10 1AE 
Tel (09775) 50402 
Telex: 557355 

Hewlett-Packard Ltd 
1, Wallace Way 
GB-Hitch In 
Herts 
Tel (0462) 52824/56704 
Telex: 825981 

USSR 
Hewlett-Packard 
Represen1ative Office USSR 
Pokrovsky Boulevard 4/17-KW 12 
Moscow 101000 
Tel:294-2024 
Telex: 7825 hewpak su 

YUGOSLAVIA 
Iskra-standard/Hewlett-Packard 
Miklosiceva 38Nll 

¥~1°03°1 ~~~~~2a16 74 
Telex: 31583 

SOCIALIST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard Ges.rn.b.H 
P 0 Box 7 
A-1205 Vienna. Austria 
Tel (0222) 35 16 21 to 27 
C"ble: HEWPAK Vienna 
Telex: 75923 hewpak a 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE CONTACT: 
Hewlett-Packard S.A. 
Mediterranean and Middle 
East Operations 
35. Kolokotroni Street 
Platia Kefallariou 
GA-Kifissia-Athens. Greece 
Tel 8080337/359/429 
Telex: 21-6588 
Cable: HEWPACKSA Athens 

FOR OTHER AREAS 
NOT LISTED CONTACT 
Hewlett-Packard S.A. 
7, rue du Bois-du-Lan 
P.O. Box 
CH-1217 Meyrin 2 - Geneva 
Switzerland 

t~~1~0~2J~~Zc°Kg~ Geneva 
Telex: 2 24 86 

10535 Harwin Dr 
Houston 77036 
Tel: (713) 776-6400 
205 Billy Mitchell Road 
Sen Antonio 78226 
Tel: (512) 434-8241 

UTAH 
2160 South 3270 West S1reet 
Salt Lake City 84119 
Tel: (801) 972-4711 

VIRGINA 
P.O. Box 12778 
No. 7 Koger Exec. Center 
Suite 212 
Norfolk 23502 
Tel:(804) 461-4025/6 
P.O.Box 9669 
2914 Hungary Springs Road 
Richmond 23228 
Tel: (804) 285-3431 

WASHINGTON 
Bellefield Office Pk. 
1203-114th Ave. S.E. 
Bellevue 98004 

iWPm.m:~m 
"WEST VIRGINIA 
Medical/Analytical Only 
Charleston 
Tel: (304) 345-1640 

WISCONSIN 
9004 West Lincoln Ave. 
West Aiiis 53227 
Tel: (414) 541-0550 

FOR U.S. AREAS NOT LISTED: 
Contact the regional office 
nearest you: Atlanta. Georgia .. 
North Hollywood. California ... 
Rockville, Maryland ... Rolling Meadows, 
Illinois.Their complete 
addresses are listed above 

"Service Only 

8177 
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HEWLETT if PACKARD 

Sales and service from 172 offices in 65 countries. 
11000 Wolfe Road, Cupertino, California 95014 
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