t@r,
-

A NewSeriesof SmallComputerSystems
HP 1000Systemsare designedfor high-performance
and
applicationsin computation,instrumentation,
operationsmanagement.
by Lee Johnson
Lf P 1000 COMPUTERSYSTEMSare a new family
Ilof
computer systemsbased on the 21MX Computer and the real-time executive (RTE) operating
system. They are useful in a wide range of applications, but are particularly well suited for computation,
instrumentation, and operations managementapplications that demand high performance.
HP 1000 Systemsrepresent a new higher level of
performance and capability over previous 21MXbased computer systems.This has been achieved by
integrating severalnew products that are significant
contributions in themselves.These include 1) a fast,
high-performance processor, the 21MX E-Series
Computer, 2) a fast and flexible CRT terminal system
console,the 2645A Display Station with dual magnetic tape mini-cartridges, 3) an enhancedversion of the
RTE operating system that provides for on-Iine system generation and eliminates the requirement for
paper tape input, 4) a new data base management
package, IMAGE/1000, 5) processor growth power
with the enhanced microprogramming support
software, and o) new desk-stylepackaging that provides aestheticappeal.HP 1000Systemsalsobuild on
previous contributions, such as the HP-IB capability
for control of automatedinstrument systems,distributed systems software for scientific and industrial
control in network applications, and the RTE operating system, one of the most powerful and flexible
small computer operating systemsfor real-time control and general-purposemultiprogramming.
HP 1000 Computer Systemscome in four standard
models.Models 30 and 31 are intendedfor computational, automated tesUmeasurement,or processcontrol applications. RTE-II is the standard operating
system, with RTE-III as a factory option. Standard
memory is 64K bytes of semiconductor memory and
systemdisc storageis 4.9M or 74.7Mbytes.Model eo
comes in a new desk-style cabinet with matching
mini-rack cabinet for the disc subsystem (Fig. 1).
Model 31 is housed in a traditional upright cabinet
that contains the processor,disc drive, and spacefor
other equipment. Models 80 and 81 are larger configurations designed as data basemanagementsystems
for operations managementapplications and for service as a central computer in a distributed systems
network. These models are based on the RTE-III
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operating system,128Kbytes of main memory, L4.7M
bytes of disc storage,IMAGE, a magnetic tape drive
for data basebackup, and a line printer for hard-copy
managementreports. Model 80 (Fig. 2) is housed in a
combination of desk and upright cabinets, while
model 81 is housed in two upright cabinets.

Cover: Contributingto the
performanceof the new
HP 1000 ComputerSystem
are an enhancedoperating
system featuring on-line
generation(representedby
theCRTdisplay),anda highperformanceprocessor,the
21MX E-SeriesComputer.
The E-Series,
whichis a/soavailableseparately,
of eailier21MX
hasabouttwicethepertormance
Computers.
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Fig.'1. HP 1000 Model 30 is intended for computational,automated testlmeasurement,or process controlapplications. RTE-llis
the standard operating system
(RTE-lll optional). Model 31 is the
same system in an upright
caotnet.

Design Objectives
The design goals for HP 1000 Systems included
performance, functional capability, well-defined
growth paths, product simplification, and configuration control. Other objectives reflected userexpressed needs for desk-style packaging, elimination of paper tape, and compliance with safety requirements such as Underwriters Laboratories (UL)
approval.
The performance goal was attained by drawing on
the clear performance improvements of the new component products and integrating existing highperformance products to achieve a high overall system performance.
Performance of the E-Series processor is based on
dramatic improvements over earlier 21MX models in
instruction execution speed, direct memory access
I/O rates, and asynchronous operation with memory
for faster cycle times. Programs can run 60% to 100%
faster in the E-Series, and I/O transfers can be O0%
faster. Typical memory cycle time is 560 nanoseconds, compared to the previous 650 nanoseconds,
and the E-Series will be able to take advantage of
higher-speed memories when they are available. The
speed of the E-Series also makes it a better match for
the high-performance 7905A Disc Drive, a I4.7Mbyte drive that can transfer data at 937.5K bytes per
second.
The growth power of the E-Series also relates to
performance, in that a user can take advantage of the

improved control processor to microprogram heavily
used or time-critical portions of applications software
to increase performance from two to 20 times. The
new 1K-word writable control store interface and the
RTE software support extend this "dynamic control
store" capability to multiple users. The user benefit is
that the system can adapt to changing application
needs without changing processors.
The standard console for HP 1000 Systems is the
new 2645A Display Station. It is connected to the
processor through a buffered interface and can operate at 9600 baud (sOOcharacters/second).It contains
dual mini-cartridge tape drives for program and data
storage, each cartridge capable of containing up to
110 kilobytes. A significantfeature of the 2645A is the
"soft key" capability: each of the eight function keys
can be programmed to specify up to B0 bytes of data.
When used with RTE, a soft key can be a system
command to execute a language processor or an application program, for example, thereby providing a
powerful, easier-to-use interface for the user. The
power of the transfer file capability in the RTE File
Manager can be used by storing a "TR, file name"
command in a soft function key; this allows an extended set of job control commands to be executed
with just one keystroke,
Functional capability was assured by defining the
standard systems to include the necessary components to make them fully operational. Each standard
system includes a processor, an operating system, a

Fig. 2. HP 1000 Model B0 ls a
larger system suitable for data
base management, operations
management, and service as a
central computer in a distributed
system.Model81 is lhe same system in two upright cabinets.

systemdisc storagedevice,an operator'sconsoleand
a system cabinet, either desk or upright. Each model
is designed to provide the correct performance and
capability level for expected application needs, the
goal being a better match between computing power
and applications.
The HP 1000 product line was conceived as a family of systems that would eventually extend from
low-cost memory-basedconfigurations up to highcapacitydisc-basedconfigurations,Models 30/31and
80/81are the first of this family. A model 30/31can be
easily extendedto a model 80/s1by adding 64K bytes
of memory and dynamic mapping system hardware,
upgrading to the RTE-III operating system, and adding the IMAGE data basepackage,a magnetic tape
unit, and a line printer. No extensionsto the processor
and console are required, and user program compatibility is assuredwithin the RTE software.
The goal of product simplicity results in welldefined functional systemswith options defined only
where factory modifications are required. The user
benefit is a better understanding of the basic product
and the extended capabilities provided by factory
options. Accessories,interfaces,and peripherals are
specified separatelyand supplied with the systemas
a coordinated shipment. This is in marked contrastto
earlier (9600)systems,for which there were hundreds
of options. The one advantageof options on earlier
systemswas the control of compatible products that
could be integrated with the system.This advantage

is retainedin HP 1000 Systems,not through options,
but by a compatibility matrix that specifies exactly
which products have been tested and determined to
be operable within a certain system configuration.
The compatibility matrix is part of the manufacturing specifications documentation package and is
managedby engineering change control procedures.
The matrix is the official sourcefor the HP 1000 Configuration Guide, a document that field engineersand
customersuse to construct a complete systemto meet
specific needs. Only the products listed in the Configuration Guide are supported by HP as part of HP
peripheral,or
1000Systems.Beforea new accessory,
software product can be added to the set of tooocompatible products, it must undergo extensivetesting by the engineering laboratory and then be certified as compatible by the quality assuranceand systems integration groups.This degreeof configuration
control is aimed at increasing customer satisfaction
by providing a clear statement of what works with
what and in which combinations,in the initial system
configuration as well as in field upgradesto installed
systems.
Multi-MediaSoftwareDistribution
A major objective of the enhanced RTE operating
system was to eliminate the dependency on paper
tape as the medium for software distribution and as
the required input medium for system generation.
This was achievedby providing systemand diagnos-

HP 1OO0Computer System
Applications
Since HP's first "instrumentation
computer",Model 21164,
was introducedin 1966,the majorityof over 16,0002116's,
2 1 0 0 ' s ,a n d 2 1 M X ' si n s t a l l e dh a v e b e e n f o r s c i e n t i f i ca n d
engineeringcomputation,
data acquisitionand control,factory
automation,processcontrol,productand productiontesting,
and computer-aided
design.
HP 1000 ComputerSystemsare designed principallyfor
dedicatedapplicationsin engineeringand manufacturing.
The
performance
and capabilitylevelsof thesesystemshavebeen
f o c u s e d o n c o m p u t a t i o n l,n s t r u m e n t a t i o n
a ,n d o p e r a t i o n s
managementapplicationsthat demand high performance.
Thesesystemscan best be appliedby experiencedend-users,
OEM's(originaiequipmentmanufacturers),
and systemhouses.
The significantperformanceimprovements
of the E-Series
C o m p u t e r ,c o u p l e d w i t h t e c h n i c a l l a n g u a g e s ,m i c r o p r o g r a m m i n g s u p p o r t , h i g h - p e r f o r m a n cpee r i p h e r a l s a, n d
s p e c i a l i z e dm i c r o c o d es u c h a s t h e F a s t F O R T R A NP r o cessor, form a pori,rerful
combinationfor solving computation
problemssuch as
r
r
r
r
r
r

Scientificand engineeringcomputation
Productdevelopmenttesting
Simulationand modeling
Computer-aided
design
Statistical
analysis
Projectcontrol

problemscan be solvedeitherthroughthe
Instrumentation
use of . HP-lB instrumentclusters,with multiple HP-lB-compatible instrumentsand devices connectedto an HP 1000
System,or by measurementand controlstationsfor sensorb a s e d a p p l i c a t i o n sr e q u i r i n gm e d i u m - s p e e da n a l o g a n d

tic software on multiple media and by the new on-line
system generator in RTE. The distribution media include paper tape, magnetic tape (800 or 1600 cpi
density), disc cartridge (HP 79004 or 7905A) and
mini-cartridge tape. Specification of the desired
medium is made by options to the software (e.g., 020
for mini-cartridge), and by a specific product number
for the diagnostic library. The diagnostic library is a
collection of tests for the processor, memory, accessories, interfaces, and peripherals available with
21MX Computers. A new diagnostic configurator was
developed to accommodate the diagnostic library on
each medium; the configurator is a monitor or control
program that manages the loading and execution of
each individual diagnostic test and provides a common interactive dialogue and reporting interface to
the user, typically an HP customer engineer. It also
configures each diagnostic for the appropriate I/O
channel and provides for timing loop control depending on the processor and memory speeds.
The standard software distribution media for HP
1000 Systems are mini-cartridges for diagnostics and
supplemental software and disc cartridges for the

digital input and output capabilities.The stationsare based
on plug-in interfacecards and instrumentation
subsystems
from the 9600 family of measurementand controlsystems.
Typicalapplicationsare
r Machinemonitoringand control
r Productqualitycontroltesting
r Work stationreporting
r Continuousand batch processcontrol
r Shop floor monitoringand control
r Automatedmaterialshandlino
r Automatictesting
r Facilitiesmonitoring
Operationsmanagementapplicationscan best be sotveo
with the aid of a data base managementsystem(DBMS)so
that all relevantdata can be interrelated,
easilyupdated,and
availablefor on-lineaccess. lN/AGE/1000
and QUERY/I000
combine to meet this need. Factorydata collectionis facilitated by the compatible 30704 Data Entry Terminal. An
HP 1000 Systemcan also serve to controla networkof HP
satellitecomputer systemswjth the HP distributedsystems
capability.A link to a large data processingcomputersystem can be made with the RJE/I000package,Typicaloperationsmanagementapplicationsinclude
r Materialrequirements
planning(MRP)
r Capacityrequirements
planning
r Factorydata collection
r Masterscheduling
r Purchaseorder and work order control
r Storescontrol
r Productionstatusmonitoringand control
r Manufacturing
and engineeringdata control

operating system. The standard disc provides a
minimum operating systemsupporting a wide range
of peripherals plus all the relocatable binary programs needed to distribute and regeneratea system.
This disc cartridge also contains all drivers for standard peripherals as well as standard languagesand
utilities. A specially configured disc cartridge,prepared during the systemintegration operation,represents the operating system and drivers for the user's
HP 1000 system, which may include various
peripherals and additional softwaresuch as real-time
multi-user BASIC, IMAGE, and/or the measurement
and control software library. This configured disc is
what the user will begin operation with after installation, while the original disc servesas a backup standard system and can be easily updated to reflect the
latest software changes.
The multi-media distribution and grandfatherdisc
for RTE have definite advantagesfor systemflexibility and improved user satisfaction.A secondarybut
significant benefit of these new featuresis improved
efficiency in the systemsintegration processduring
manufacture. This process involves integrating all

the hardware products, including racking, cabling,
and running diagnostics. Loading and running diagnostic routines from mini-cartridges in the 2645A
Terminal is faster and much more convenient than
with paper tape. Once the hardware integration is
completed, the process of generating the configured
operating system according to the user's order begins.
Since all drivers, device subroutines, and libraries for
the standard systems and compatible peripherals are
contained on the grandfather disc, the amount of additional software that must be added before generation is minimized. The on-line RTE generator is designed to run with minimal operator intervention,
with most configuration parameters contained in an
answer file on disc. Most new generations require
only minor modifications to an existing answer file
from previous generations. Of course, the faster processor and console terminal also reduce the generation and system test execution times.
HP 1000 Computer Systems represent an integration of many hardware and software products. The
following articles describe the technical details of the
more significant new products which contribute most
to these systems and are significant contributions as
individual products.
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HP 1000ComputerSystems
Model 30/31 Features
CABINETS
MODEL 30: Desk-stylewith matching mini-rackfor disc subsystem.
MODEL 3l: Single 56-inch high upright cabinet. (System console must be
placed on separate stand or table.)
CPU: 21134 21MX E-SeriesComputerwith Tlme BaseGenerator,MemoryController, Memory Protect, Dual-Channol Port Controller, Power Fail Recovery
System, Loader ROMSfor disc subsystemand CRT terminal, ROM diagnostics
for CPU and momory.
MAIN MEMORY
MODEL 30: 6aK bytes standard.Expandableto 304K bytes when using optional
RTE-llloperatingsystem.
MODEL 31: MK bytes standard.Expandableto 608K bytes using optional
BTE-lll operating system and a memory extender.
OPERATING SYSTEM: RTE-ll Real-Ime Executiveis standard.RTE-lll, including Dynamic Mapping System and +64K bytes ol memory, is available as
an option.RTE-lll is requiredin systemsusing more than 64K bytes ol main
memory.
MODEL 30: 129620 Subsystemwilh 14.7M bytes of storage,expandablelo
'l 17.9Mbytes using7 add-ondrives.
MODEL 31: 129604 Subsystemwith 4.9M bytes of storage,expandableto
19.6Mbytes using3 add-ondrives,or 12962CSubsystemwith 14.7Mbytes
of storage, expandableto 117.9M bytes using 7 add-on drives.
SYSTEM COi{SOLE: 2645A Display Station with Option 007 dual mini-cartridge
taoe transoort.

Model 80/81 Features
CABINETS
MODEL 80: Desk-stylecabinetfor CPU and system console;single 56-inch
upright cabinet fof disc and magnetictape subsystems.
N4ODEL
81: Two 56-inchuprightcabinets.(Systemconsolemust be placedon

separale stand or table.)
CPU: 2113A 21MX-E Serios Computer with Time Base Generator,Memory
Controller,Memory Prot€t, Dual-ChannelPort Controller,Power Fail Recovery
System, Loader BOMSfor disc subsystemand CRT terminal, ROM diagnostics
lor CPU and memory.
MAIN MEMORY
MODEL 80: 128K bytes standard. Expandableto 304K bytes.
MODEL 81: 128K bytes slandard.Expandableto 608K bytes when using a
memory extender.
OPERATINGSYSTEM:RTE-lll,includingDynamicMappingSystem,and IMAGE/
1000 Data Base ManagementSystem.
DISCSUBSYSTEM:12962CSubsystemwith 14.7Mbytesot storage,expandable
to 1 17.9M bytes using 7 add-on drives.
SYSTEM CONSOLE: 26454 Display Station with Oplion 007 dual mini-cartridge tape transport.
REQUIREDPERIPHERALS:A Line PrinterSubsystemftom lollowingselection:
LPI\4
Col
l\4odel
136
12975A
300
132
129834
1250
132
129874
200
136
130534
600
B MagneticTape Subsystemfrom lollowingselection:
bpi
Model
Type
12970A
NRZ|
800
Phase1600
12972A
Encoded
'1000
Systemswithoutoptionsare as
PRICESlN U.S.A.:Minimumpricesfor HP
follows:Model30, S36,500;Model31, $31,500;lvlodel80, $62,000;Model81,
$62.000.
DATA SYSTEMSDIVISION
11000Wolfe Boad
Cupertino,California95014 U.S.A

HP 1000OperatingSystemls
EnhancedReal-TimeExecutive
II softwareprovidesforon-linesysfem
NewRTE-lI and RTE-l
generationand switching,disc cartridgebackup,discand
mini-cartridgedistributionof software,new system
stringcommunication,
andimprovedllO errormanagement.
by David L. Snow and Kathleen F. Hahn
tT HE OPERATINGSYSTEM for HP 1000 ComputI er Svstemsis an enhanced version of HewlettPackard'sdisc-based,multi-user, multiprogramming
real-time executive (RTE-II/IID operating system.l'2
Major featuresinclude priority scheduling of concurrent programs, separation of real-time and non-realtime tasks into foreground and background partitions, and a powerful file managementpackage(FMP).
RTE provides program partition swapping, buffered
output, resource locking, class inpuUoutput, and a
batch entry processor featuring input and output
spooling of jobs for maximum throughput. RTE-II
(HP 920018) provides, in addition to memory-resident partitions, two disc swapping partitions (one
real-time and one background) using either 48K or
64K bytes of main memory. RTE-III(920608)adds a
memory managementschemethat handles up to 64
real-time and background partitions and 2M bytes of
main memory (hardware limited to 608K bytes in the
System 1000).Combined with the distributed system
central software package(FIP 91700A),3RTE becomes
a powerful cental station conholling distributed processesat severaltypes of satellite computer systems.
HP 1000 models 80 and 81 combine the RTE-III
operating system with Hewlett-Packard's IMAGE/
1000 data base managementpackage(HP 92063A),
providing multi-user, multiprogramming accessto a
user-tailored data base.
RTE-IUIIIoperating systemshave been enhancedto
include an on-line systemgenerator,disc-to-discand
disc-to-magnetic-tapebackup utilities, expanded
user-to-programand program-to-programcommunications, restructuring of I/O managementfor device
errors,and an enhancedbatch/spoolmonitor. For the
HP 1000,disc cartridge distribution of operating system software has been added, along with HP minicartridge distribution of all RTE software subsystem
products (IMAGE/L000,microprogramming package,
device diagnostics,distributed systemssoftware,and
others).
The hardware environment for the enhancedRTEII/III operatingsystemsis the HP 1000models30, 31,

80, and 81, using the 21MX E-SeriesComputeras a
control processor,a 79054 or 79004 Disc Drive as a
massstoragedevice,and a 2645A Terminal as system
console. Previous RTE-II/II hardware environments
that have at least 48K bytes of memory can also accommodate the enhanced operating systems.
On-LineGenerator
The modularity of the RTE softwaremakesit easyto
configure a real-time operating systemtailored to particular application requirements for inpuUoutput
peripherals,instrumentation, program development,
and user software. With the on-line generatora new
configuration can be achieved under control of the
present configuration, concurrent with other system
activities, such as interactive accessto an IMAGE/
1000 data base or real-time test monitoring and processcontrol.
The on-Iine generator, a background program,
exists in two forms, RT2GN
and Rtscl.t,for configuring
RTE-IIand RTE-III operating systems,respectively.A
special utility program, swrcH, performs the switchover from the presentoperating systemconfiguration
to that of the new system,with a minimal amount of
shut-downtime (15-30seconds).Of greatestimpact is
swrcH's capability to preservethe file structure of the
system it is replacing.
The on-line generation processuses the file managementfeaturesof the batch/spoolmonitor (BSM)for
retrieval of the generation parametersand software
modules, and for storageof the absolutesystem code
and its associatedgenerationmap (seeFig. 1J.Storage
of the relocatable software modules in files allows
easyupdateswhen new versions are implemented, as
well as the convenienceof referencing and identifying the modules by their descriptive file names during generation.When the generationparameters(a set
of commands and responses)also exist in a file, this
ANSWER
file can be modified to create answer files
for new system generations.
One of the most useful features of on-Iine generation is the storageof the generatedsystem in a core-
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Fig. 1. The onJine generatormakesll possib/eto developa
new RTE-Illllloperattngsystemconftgurationunder controlof
the present configuration,concurrentlywith other systemactivities.The entiregenerationprocess can be drrectedfrom a
disc answer file. All program modules to be included tn the
na,^]^^a"tin^ .,/ctammust existtn relocatable
dtsc files.The
new system ls stored rn an absolute system disc file aftel
generation.

image absolute output file, making it possible to
r Store system files indefinitely, even after the system is installed by swrcu
r Have several versions of RTE systems and easily
SWTCHbetween them
r Distribute a particular RTE system configuration
by storing its core-image file on portable media
r Store the file on a peripheral disc subchannel
where it can be accessed by other RTE systems.
Generation Process
The generation process can be directed from a disc
answer file, from a logical unit (representing a
peripheral device), interactively from the operator
console, or from a combination of these. The desired
answer file name or logical unit can be specified in
the nu command parameters when the generator is

scheduled for execution, otherwise the default source
of command input will be from the operator console.
A TR command to transfer to another command input
source can be entered any time the generator is waiting for a response from the current input source. The
current input source is pushed down on a command
input stack and the new source specified in the rn
command is placed at the top. Therefore, an answer
file can transfer to another answer file, to a logical
input unit, or to the operator console for the next
response to a generator query. A TRcommand with no
parameters will pop the stack and the input source
will revert to the previous answer file or logical unit.
When an error occurs during the generation, either
an invalid response to a query or an error in the
system being generated, error recovery mode is entered. In this case, the generator issues itself a rn
command transferring the command input source to
the logical unit of the operator console Iunless it was
already there). The operator is notified of the type of
error condition and is given the opportunity to rectify
the situation by re-entering a response, or by entering
a t! command to abort the generation. After entering a
correct response, the operator can issue a TR command and the generator will return to the answer file,
picking up where it left off.
The generation's listed output, or generation map,
can be sent to a disc file or output device. A disc file
provides more permanent storage and easesthe problem of duplication since a hard copy can be listed on
the line printer at will. It also allows easy identification of the RTE configuration of a particular system
file when planning to run swrcH. While the generation map is being sent to the list file, it may also be
echoed on the operator console. The operator can
then follow the generation as it proceeds and make
better decisions when error conditions occur, when
memory bounds need to be set, and so on.
The generator uses a virtual memory scheme to
maintain three internal tables of dynamic size. The
available memory area beyond that occupied by the
generator code and up to the last accessible word of
background memory space is divided between these
tables. When the memory space for a table becomes
full, that block of memory is written onto the disc. An
indexing scheme is used to determine whether or not
a particular block is resident in memory. If not, a swap
must be done: the current memory block is written to
the disc, and the referenced block is read in to the
same memory partition space.
The performance of the generator can be improved
by increasing the size of the background area in
which the generator is executing. The available
memory space assigned to each table is thus increased, the resulting block size is larger, and the
number of block swaDs decreases.The user can also

order the specification of software modules to be included in the system and thereby determine the order
of entries in the tables. Thus the likelihood that intermodule references will occur in the same table
block is increased.
SWTCH
When a generation has been completed, the new
RTE operating system is stored in a disc file, and the
swrcH program is run to install it. swrcs, a
background program with embedded zgOsA and
7900A disc drivers, assumes that any interfering
real-time activity will be terminated during the short
time it takes for the system transfer operation. Either a
7905A or 79004. disc-based RTE-II or RTE-III system
may be installed, regardless of the disc type and version of RTE system currently operating. Since
swTCH's disc drivers are configured to a userspecified channel, swrcH can transfer an RTE system
to a disc UO configuration that differs from the current
disc I/O configuration, or to a temporary configuration different from the generation-defined configuration. Some useful swrcH transfer modes are:
r Transferring the new system to the configuration of
the currently running HOSTsystem, overlaying it
r Transferring the new system to the generationdefined DESTINATIoNconfiguration
r Transferring the new system to a temporary TARGET
disc configuration, defined by a user-specified
disc controller channel and/or system disc subchannel/unit
r Transferring the new system to another disc drive
( b y s p e c i f y i n g a T A R G E Ts u b c h a n n e l o r u n i t J
to facilitate system distribution, as in a manufacturing environment
r Transferring the new system to the system sub-

channel definition of the HosT, and then when
given permission by swtcH, replacing the host's
removable disc cartridge with the disc cartridge
destined for the storage of the new system.
SWTCHmakes use of RTE's new, extended string
communication mechanism (see next section) for the
specification of up to six RU command parameters
when being scheduled. In addition to the file name
parameter of the RTE system to be transferred, the
user may also specify the disc controller channel and
the system disc subchannel/unit, and whether automatic boot-up (start-up) of the new system is desired, the target file structure is to be saved, or
memory-image program files belonging to that target
file structure are to be purged. Any missing or erroneous parameters are requested by sw"rcH at the proper
time during execution. If all parameters are correctly
entered, swTCH operates in automatic mode, requiring no operator intervention unless a requested option cannot be satisfied. A typical RU command
scheduling swrcH would be:
RU,SWTCH,SYSFIL:KH:10,2
18,1,Y,Y,Y
which SWTCHwould interpret as transferring the system contained in file sysFIL:KH:10via the disc controller in channel 21, with system subchannel/unit 1,
whose file structure is to be saved, memory-image
program files purged, and automatic boot-up performed when the transfer is completed. swrcH determines the destination disc type from the absolute file,
which indicates whether the 1 applies to a 7905A disc
unit or a 79004 disc subchannel.
After retrieving and opening the new RTE system
file, swrcH displays the destination I/O configuration
and the system disc subchannel definition. This gives
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Fig. 2, The actual changeover
from one RTE-llllll operating system configurationto anotheris performed by the utility program,
swrcs. Shown here are several
typesof swrcu transfersof vailous
RTE-llll ll system configurations
from.their respective dlsc /i/es to
their target dlsc areas. An important feature of swrcu is its ability to
preserve the file structure of the
systembeing replaced.

the user some additional information about the new
system.It may be used for identification purposesand
in answering the next set of questionsswTCHmay ask
concerning the target channel, subchannel/unit,and
so on.
The greatestassetof a swtcH transfer is the ability
to save the file structure of the RTE system when
updating the operating systemconfiguration. To preserve a file structure, swrcH must first verify that
there exists a target file structure that conforms to the
new systembeing transferred.Using the systemsubchannel definition (i.e., first track, number of tracks,
surfacenumber, etc.) obtained from the absolutefile,
swrcH checksfor a precise match betweenthe physical boundariesof the new and target systemsto insure
the samelogical track addressesof the file structure.
At what will be the last track of the system subchannel, swtcH must verify the existence of a cartridge
directory and a file directory. At the sametime, SWTCH
retrieves some relative (logical) track addresses,
which it then comparesagainst similar information
picked out of the disc-resident bootstrap loader located at logical track 0 of the system (provided its
existencewas also verified). If the comparison indicatesthat thesetwo tracks reside in the samesystem,
then the boundary tracks for the new and target systems are the same,indicating a precise match of system subchanneldefinitions. swrcH is thus capableof
saving the file structure of either the host system, a
systemlocated on a different disc subchannel/unitof
the present hardware configuration, or an RTE-IUIII
systemsatellite in a distributed systemnetwork. Fig.
2 shows an example of a swtcH operating environment.
swrcH next comparesthe first logical track of the
file structure with the track size of the new system
plus the minimum 8-trackfree areaneededby RTE.If
the new systemareais going to overlay part of the file
space,the user is warned of the situation and given
the opportunity to terminate SWTCH
before the transfer is begun.If allowed to proceed,swrcH will purge
the overlaid files from the file directory, displaying
their file names on the operator console. If the user
chose to have memory image program files purged,
swrcH will display their file namesas their file directory entries are purged.
During the transfer SWTCH
initializes the tracks of
the system subchannel as they are being written
(when tracks are initialized, the physical track and
sector addressesare written in the preamble of each
sector).When the systemareatracksare written, their
preamblesare set to indicate write-protectedtracks.If
a file structure is to be preserved,only the areaup to
its first track is reinitialized, otherwisethe entire system subchannel is done. When a defective track is
encounteredduring the initialization of a 7905Adisc
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subchannel, a spare track is assigned to it. The
preambleof a defectivetrack indicates that it is defective and gives the address of the spare track that is
replacing it so the disc controller will automatically
switch to that track on future references.For 7900A
discs, any bad tracks encounteredoutside the system
areaare flagged defective;badtracks within the absolute code of the system are not allowed.
Automatic boot-up of the new system may occur
following the transfer operation if all of the following
conditions are determined to be true:
r the TARGET
disc channel : the DEsTINATIoN
disc
channel
r the tRRGnrdisc subchannel/unit: the lrsrwRrloN
disc subchannel/unit
r the HoSTtime base generator channel : the nrsTINATIONtime base generator channel (provided
both are present)
r the Hosr privileged interrupt channel : the
DESTINATIoNprivileged interrupt channel
fprovided both are present)
r the Hosr system console channel : the nrsrwRTIONsystem console channel.
If the aboveconditions arenot met, swrcH informs the
user of its exit mode: either a return to the host system,
or a halt if all or part of the host systemwas overlaid.
SystemString Communication
Earlier versions of RTE limited the operator or
scheduling program to ten bytes of information that
could be passed to the scheduled progmm. To increasethis communication area. HP 1000 RTE-II/II
operating systems provide temporary storage of an
operator'sor a father (scheduling)program'sscheduling string of information in systemavailablememory,
so it can be retrieved by the scheduled son program
(seeFig. 3). Wheneveran operatorschedulesa pro-

Fig.3. HP 1000RTE-Illllloperatingsysternsprovidetemporary storage of an operator's or a fatherprogram's scheduling
string of information in system available memory, so it can be
retrieved by the scheduled program. Shownhere is the format
of sting communicationstorage ln system available memory.

String Storage in
System Available Memory

operator
schedures
,uo^o.
ffo
Operator
schedules
orxen-ffiO
then NDAD
continues.

NDAD
recoversits string.

NDAD
schedulesrsoN.

@@
t- o
@
ff

@Ed
-

rsoNrecoversits string.

ro

@
-.HrsoNpassesa stringback
to ils father,ruono.

@@

rsoNterminatesitself.

NDAD
recoversthe string
rsoNpassedlo it.
NDAo
terminatesitself.

--I..*o

rEE
fi*
@

orHEFexecuteswithout
recoveringits stringso the + 0
stringmemoryis released
at lermination.

gram via a "RU,pRocA, parameter string", the entire
command string is saved. Whenever a father program
schedules a son via an EXECg, ro, 23, or z+ call, two
optional parameters are passed, pointing to a string
buffer of information that will be saved. When the son
executes, it may recover this saved string via an EXEC
ra call. In the case where the son was scheduled by
another program, the son may also use the sxnc r+ call
to return a new string of information to the father.
String storage in system available memory is released
when the program retrieves the string, when a son
returns a new string to its father, or when the owning
program is set dormant (normally or abnormally).
String communication is used by the swrcn program
to recover up to six scheduling parameters.
Fig. 4 shows two programs being scheduled by the
operator, with one of these programs scheduling a
son. System available memory is assigned for each
string when requested and is released each time a
program recovers its string. Note that since program
OTHERmade no effort to recover its own string, the
memory assigned to the program is released when the
program is set dormant.
If no system available memory is available when a
user schedules a program, an error message (cMD
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Fig. 4. An example of system
string communication. Programs
NDAD
and orHER
ate scheduledby
the operator while program tsoruis
scheduled by Noeo.Each time a
program is scheduled an optional
buffer is saved for it in system
available memory. Each time a
progtam recovers a string this
memory is released. When oruea
terminates, its unrecovered stilng
l,sreleased.

IGNORED-NO
rrlntr4will be printed at the system console. Inhibit forms of the effected commands
(RUIH,oNIH,corH)are provided to disallow scheduling
string passage. If no system available memory is
available when a father schedules a son (or when a
son returns information to its father), then the father
(son) will be temporarily suspended until sufficient
memory is returned to system available memory.
l/O Device Error Management
To accommodate the 2644N s{Terminals and the
HP-IB interface card, the RTE-IilII operating systems
have been modified to better support multiple, dissimilar devices on one inpuUoutput controller. Previously when any device on a controller encountered an
error condition (e.g., not ready, parity error, etc.), the
controller and all associated devices were set into the
down state by setting a flag in the controller's equipment table (EQT). This condition continued to exist,
blocking all other devices' UO on this controller, until
the malfunctioning device was either fixed or disconnected and the controller was set into the up state.
Besides needlessly delaying other devices' I/O, this
caused problems when the 2645A Terminal was the
system console. A malfunction on a mini-cartridge

redefining the logical unit.
Subchannel

Disc Backup Utilities
RTE-II/III disc backup utility programs have been
created that SAVBinformation from disc to magnetic
information from magnetic tape to disc,
tape, RESTORE
copy information from one disc to another and vnnrpy
data transferred during any of the above operations.
These operations may be done either on-line under
control of the RTE-II/III operating systems or off-line,
On-line transfers occur in logical mode using subchannels defined by the RTE-II/II system. Offline
transfers use physical address spaces defined by the
user. These utilities support 7905A and ZSOOADisc
Drives, 9-track 79708 Magnetic Tape Drives and all
RTE supported terminals.
Three modes of data transfers are supported. lu
mode transfers data on one RTE-II/III-defined subchannel (on-Iine only). utstt mode transfers data on an
entire disc drive (both on-line and off-line). nnov-ro
mode transfers data on an area of the disc defined by
the user (off-line only).

Lock Flag
EQT Pointer
I-controller
Logical Unit 1 DRT Word 1

DRT
W"rd
I

""0'
I

Logical Unit N DRT Word 1
Logical Unit 1 DRT Word 2

O",
*or'J
,t"0"

I

Logical Unit N DRT Word 2

Device UP/Down Status Flag (0/1)

Fig, 5, fo improvethe managementof llO device errors,the
device referencetable (DBT) was doubled in size. Each llO
devicehas associatedwithit one or morelogical units,each of
which has a DRT entry. The new DRT word 2 for each entry
containsa device up ldown statusflag and a pointer. Formerly,
devlce status flags were in the equipment table (EQT) of the
corresponding I lO controller.

Batch/Spool Monitor and Other Changes
Several modifications were made to the RTE II/[I
batch/spool monitor (BSM). BSM includes RTE's file
management package, a job entry processor, and
inpuUoutput spooling to disc files. Two new commands were added to the FMGRprogram. First, all
system-level commands were implemented within
FMGRusing a "SYxx, p€rameter string" format, where
xx is the command. This now makes it possible to
execute most system functions from the FMGRprogram either interactively or through user-defined
procedure files. Second, rlracn comments were implemented by ignoring any command starting with *,
The BSM nu command was modified so the command
string can be passed to the scheduled program in a
manner similar to the system RU command. Error reporting within the BSM subsystem was improved. All
abort conditions resulting from sxnc calls that can be
processed by the caller are now handled by the BSM
subsystem, resulting in BSM error messagesand the
non-abortion of BSM processes.Spooling errors that
would result in illegal driver request errols were
given new system spooling error messages. When
the pvcR program is scheduled by a program with
a non-interactive input device, any optional scheduling string in the nxrc call that begins with a colon
is inserted as the first FMGR command. Finally,
whenever the system is booted up, the FMGRprogram
is scheduled after any user-defined start-up program,
with control passed to a file named wELCoM.
Several other modifications were made to RTE-IUII
modules. DVR05, the software driver for HP 264x
terminals. was modified to accommodate the 2645A

drive would never have set the 2645A controller
down, since in doing so, it would also be setiing the
system console controller down, which is not allowed

in RTE.
To alleviate this situation, the device up/down
the device.
status was put where it belongs-with
Each device defined within RTE has associated with
it one or more logical units (LU), each of which has a
device reference table (DRT) entry. Each DRT entry
was expanded to two words (see Fig. 5), with the
second words collected into a second table following
the original table. DRT word two contains a device
up/down status flag and a pointer. Whenever a device
is up, all I/O directed toward the device by the system
is queued as before on the device's controller in order
of program priority. If a malfunction occurs on a device (see Fig. 6), all LU's pointing to the device are
flagged in their DRT word two as being down, and the
condition is reported to the system console. The
pointer in each LU's DRT word two is set to the LU
number of the first LU for this device in the DRT (the
device's major LU). The pointer for the device's major
LU is set to point to the requeued I/O requests for the
downed device, which were originally queued on the
controller. This allows I/O requests for other devices
using this controller to be processed while the malfunctioning device is being fixed. When the device is
again operational, it can be set into the up state by
setting the controller up. Alternatively, the downed
device's I/O may be redirected to another device by

12

LU 15

LU 20

LU 20

LU 15

I
,",
Terminal. The software driver for the 79004 Disc
Drive was modified to work with the 21MX E-Series
Computer. The wHzar system status program was
modified and also released with RTE-IL wHzar reports the status of all non-dormant programs,all partitions, and any I/O devices or controllers that are in
the down state. Finally, to implement the string
communication and UO device error management
handling capabilities, the RTE-II/III operating systems grew in size. To reduce this growth, a foreground disc-residentprogram,ggcMD,was added that
implements the systemLu (logical unit switching), nq
(EQT status),and ro (change timeout) commands.
Disc Distributionof Software
With the addition of the on-line system generator,
the RTE-II/IIIoperating systemsoftwareproducts can
be distributedon 7905Aor 79004 removable"grandfather" disc cartridges. Each grandfather cartridge
contains a minimum system supporting a wide variety ofperipheral devicesthat can be booted up on any
I/O configuration. A file structure containing all
software distributed with RTE-II or III provides a convenient storage medium from which the on-line

Fig.6. An example of llO device
errotmanagement.ln(a),threellO
requests,Athrough C, are queued
on two controllers (EQT 40 and
52).All fourlogical unitsshownare
in the up state.ln (b), a "not ready"
error occurs on the device associated with logical unit (LU)
number 15. This causes LUs 12
and 15 fo be set into the down
state. IIO requests A and B are
dequeued from EQT 40 and requeuedon LU 12. Thepointerfield
in LU 15 is settopoint to LU 12, the
device's major LU. All programs
sending inputloutput to the
downed LUs are suspended. ln
(c), the operator reassignsLU 15
to an active devtce, EQT 52 subchannel L Ihis causes reouesls A
and B to be queuedon EQT52, LU
15 to be set into the up state,and
all suspendedprogramsusing this
LU to be restarted.LU 12,pointing
to the downed device, is left unchanoed,

generator can configure one or more systems customizedto the user'sneeds.The usercan easilycreate
archive copiesof softwareor mastersoftwarelibraries
by copying the grandfathercartridgeto magnetictape
or another cartridge using nlvlcn commands or the
disc backup utilities.
For subscribersto Hewlett-Packard'ssoftware subscription service,update softwarewill be distributed
on either HP mini-cartridge or paper tape.Easy-to-use
update utilities provide a simple means of updating
grandfatheror mastersoftwarelibrary cartridgesfrom
HP mini-cartridges.
Other RTE software products (e.g., IMAGE/1000,
microprogramming package, multi-user real-time
BASICJarenow availableon HP mini-cartridges.Each
mini-cartridge with the exception of off-line device
diagnosticscontains an ASCII sourcedirectory of the
items on the mini-cartridge followed by from one to
ten software parts.
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grammableInstrumentation."
Supportof IMAGE/1000data base managementsystemlor more etficientuse ol
data tiles, easier access to data
Supports operationas distributedsystem networkcentral
Distributionon disc cartridge
ORDERINGINFORMATION
9200'lB-010FITE-lldistributedon papertape
920018-030 RTE-ll distributedon 79004 disc cartridge
920018-031BTE-ll distributedon 79054 disc cartridge
The 920018-030or 031 RTE-ll system is includedin lhe 217OA,2171A,
and 2172A Computer System building blocks, which form the basis of the
HP 1000 Model30 and Model3 1 ComputerSystems,as the standardoperating
sysrem.
920608-010RTE-Illdistributedon papertape
920608-030 RTE-lll distributedon 79004 disc €rtridge
920608-031RTE-llldistributedon 7905Adisc cartridge
The 920608-030or 031 RTE-Illsystemis includedin the 2170A,2171A,and
2 172AComputerSystembuildingblockswithOption00 1,whichformthe basis
of the HP 1000 Model 80 and Model I 1 ComputerSystems,as the standard
operating system. The 920608-030 or 031 is also available in the HP 1000
l\4odel30 or Model 31 system by ordering217OA,2171AOption 001, or
by later substituting920608-030or 03'1lor the 920018-030or 031 along with
'133044 Firmware Acce$ory Bsa'd, 127314
Memory Expansion Module,
133074 Dynamjci4appingInstructions,
and two 13187A32K-byteMemory
l\4odules.
PFICESIN U.S,A.:
920018-010,$5,000
920608-010,$6,000
920018-030,$5,000
920608-030,$6,000
920018-031,$5,000
920608-031,$6,000.
MANUFACTURING
DIVISION:DATA SYSTEMSDIVISION
11000Wolfe Road
Cupertino,Calitornia95014 U.S.A.

HP 920018RealTime Executivell OperatingSystem
(RrE-il)
HP 920608RealTime Executivelll OperatingSystem
(RTE-ilr)
FEATURES
Real-timeand background
multi-user
swappingpartitionsin RTE-ll,64 partitions
in BTE-lll
Up to 64K bytesof memoryin FITE-ll,2M bytesin RTE-lll(hardwarelimitedto
608K bytes)
Ample partitionspace tor user programs,typically 37K bytes
Support for choice of 4.91\4-byte
or 14.7N4-bytecartridge disc subsystem,the
latter expandableto 1 17.gM-bytecapacity
Time, event, and program-to-program
schedulingfor real-timemeasurement,
control, and/or automatictest applicalions
Balch-spml monitorfor concurrentdisc tile manag€mentand batch processing
lnpuvoulputspoolingtc disc to speed throughputwithout excessiveuse of main
memory tor buffering
Interactivetext editor to aid program developmsnt
Concurrentprocessingand program developmentin FORTRAN ll/lV, conversationalMulti-UserBeal-TimeBASIC(optional),HP ALGOL,and HP assembly
language
Optional RTE microprogrammingpackagetor on-line developmentof new usermicroprogrammedinstructionslor system computer
Multi-terminalacce$ to all systemresources,servingmultipleusersconcurrently
Includes RTE drivers and devic€ subroutinesfor supported peripherals
Choic€ of online or otf-line system generation
Support of multipleinstrumentcluslers connectedvia the Hewlett-Packardintertace bus (HP-|B). The Hewlett-Packardinterface bus is Hewlett-Packard's
implementationof IEEE Standard 488-1975, "Digital Interfacefor Pro-
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Developmentand Applicationof
Microprograms
in a Real-Time
Environment
by Harris DeanDrake
S THE USE OF MICROPROGRAMMABLE
processorsand microprogramming proliferates,
more and more usersare addressingthemselvesto the
application of microprograms in a system environment. To facilitate microprogram development,
Hewlett-Packard offers a combination of hardware
and software that includes the tK writable control
store (WCS)VO board and the RTE microprogramming
packageconsisting of a microassembler,cross-reference generator,WCS driver, WCS load utility, microdebug editor, and PROM tape generator.
At first glance the difficulty of developing a microprogrammed product may seem somewhat intimidating. The application must be defined, the
sourceprogram written, the logic flow debuggedand
possibly PROM or ROM parts created.In the caseof a
dedicatedprocessorperforming a specific set of tasks,
the application is dictated directly, but deciding what
or how much is to be microcoded is not so
straightforward. The most economical method is to
use the system itself to produce a profile of system
activity, then use the profile to pinpoint the areas
most likely to increase system performance and define the microprogram application accordingly.l
MicroprogramDevelopment
Once the microprogramming requirements are established, the microcode itself must be developed.
The initial sourcecode is translatedinto micro-object
code using the microassemblerwith optional crossreference generation. The object code may then be
Ioaded into WCS using a WCS load utility and the
RTE driver for WCS.
WCS provides a number of development advantages over simulators. One is that all execution and
debug operationsare on-line. Also, the user doesn't
have to contend with the typical shortcomings of
simulators. I/O operations, for example, are almost
impossible to simulate faithfully.
Another advantageof WCS when used with RTE is
improved interaction in microprogram software generation using the standardRTE capabilitiesof interactive editor, disc file manipulation, and so on. Most
computer systems used for the development of microcodemust be sharedwith other systemoperations
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on a mutually exclusive basis,while RTE allows normal operations and microprogram development together.
The microdebug editor (MDE) program with its
RTE-typeoperatorinterfacefacilitates debugging of a
user microprogram by combining debug functions
(set breakpoints, initialize microprogram calling
p a r a m e t e r s ,e t c . ) , e d i t f u n c t i o n s f r e p l a c e m i croinstruction, delete microinstruction, etc.), and
some system functions (disc file dump, WCS logical
unit manipulation, etc.). Edit operations are performed using the symbolic form of the various microfield mnemonics rather than numeric object
codes.
In a system a microprogram may be subjectedto a
wide range of input parametersand execution conditions. To further assist a user in debugging his miUser Program

MDE Operation

START
'

Initializedebug operations.Set

I
JsB
MDEd+Ht5l [:Tff".{:ii:"ff'ilBJ;"J"T?j"
'
(
program.
.

MACRO1
iiri-iileren

vdrr

I

calling

(Debug operations.Examinestate
of registers chanse resisters'
, Microcode- |

;ffiiffiffi c'ffifir i n::H#ij::?j"iiil,
L?J',
RETURN
"
Imicroprogram.

:
MACR02
P A R A M E T E R , M i c r o c o d e. i

;lilfiii'-"

RETURN2

ffii

Additional
debus
operations

.
qilhr^'

JSBM.oE ffi
.

rrino

Completionot debug operations.
Clear breakpoints,
dump microcode,
etc. Exit back to end of program.

END

Fig. 1. Part ot the HP 1000 microprogrammingpackage, the
microdebug editor (MDE), facilitates debugging of user microptograms. MDE is callable as a utility subroutine that can
be appended to a user prcgram for interactive debugging
opetations,as shownhere. Other elementsof the RTEmicroprogramming package are a microassembler,a crossreference genetator, a WCS dilver, a WCS load utility, and a
PROM tape generator.

croprogram in the environment of his program, MDE
is also callable as a utility subroutine.Fig. 1 demonstrates a typical use of MDE as a subroutine appended to the user'sprogram for debugging.
After the microprogram is debugged it must be
implemented in some fashion. The microcode may
reside permanently in ROM or dynamically in RAM
(WCS) or a combination of both. When a microprogram is programminga "processoron a board" such
as the 21MX K-Seriesprocessor,ROM is almost always used.In the E-Seriesprocessorup to 3.5Kwords
of firmware may be added to the CPU with no extra
power or UO requirements. In a system, power fail
considerationsmight be the dominant factor in a decision to use ROM to hold a microprogram; the contents of WCS are lost in the event of a loss of power. A
PROM mask tape generatoris provided for the purpose of burning PROM devices. The generator producesa variety of PROM masktapeformatsto enablea
number of vendors to burn parts for the user.

Program A

Program B

.
I

I

WCSAs a SystemResource
Can WCS be used as a system resource?In a realtime, multiprogramming operating system environment it can, with certain constraints.Severalmodes
of microprogramuse are possible.
Multiple programsmay use a single set of WCSresidentmicroprograms.In this casethe microcodeis
loaded once and the programs link to the microroutines as needed. The only possible constraint
might be that if microprogram reentrancy is desired,
it will have to be provided for in the structure of the
microprogramsthemselves.
The same WCS area may be used by multiple programs with different microprograms.Since eachproram requires that program's microcode to be in control store, a new constraint is added. A method must
be determined by which each program has exclusive
use of WCS when needed.This is accomplishedin
RTE through the sharing of resourcenumbers. Fig. 2
shows an example of two programs using the same
WCS space for their microprograms. Program A obtains the first lock on a logical unit (LU) associated
with WCS while program B must wait for the LU to
becomeavailable.ProgramA then loadsand executes
its microprograms.When the microcodeis no longer
required, the WCS LU is unlocked and program A
continuesprocessing.ProgramB now gets the WCS
LU and locks it. Program B repeatsthe sequenceof
operations performed by program A, which is now
waiting for the WCS LU to be available. The two
programs cooperatein this manner to termination.
SeveralWCS areasmay be used by multiple programs with a combination of separateand identical
microprograms.This may requiremore WCS boards,
but makesthe bestuse of WCSasa systemresource.It

Flg. 2. WritabIe control store ( WCS)c an be used as a system
resourcein HP 7000Systems.Heretwouserprogrcmsusethe
same WCS space for different microprograms,

createsno additional restrictions, but requires closer
attention to system planning.
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Glossary
DCPC:Dual ChannelPortController
RTE (or RTE-llor RTE-Ill):Real-TimeExecutive,the System
1000operatingsystem,
ROM:Read-OnlyMemory
PROM:Programmable
Read-OnlyMemory
(read/write)
RAM:Random-Access
Memory
WCS:WritableControlStore,a random-access
memoryboard
that can be plugged intothe 21MXComputerlike an input/
output(l/O) board to hold user microprograms
MDE: MicrodebugEditor,a program supplied with the HP
microprogramdevelopmentpackage

HP Model 92061A RTE Microprogramming Package
partition.
quiredtor base page in each BTE-lll disc-resident
CAPACITY
MICROPROGRAM
The wCS Load Utilityand Driverprogramswork with up to three 13197AwCS
boards (3072 usor instruclions)in the computer.
MINIMUMREOUIREMENTS
92001IVB RTE-ll or 920604'/8 RTE-lll operatingsystem
'l2962IVB/C/D(14.7M-byte)cartridgedisc subsystem
12960A (4.9M byte) or
HP 2108A,21OgA,2112A,or 21 13AComputer.
Monitor(includedin 920018and 92060/0VB)
Batch-SDool
At least24K wordsof memoryin BTE-llsystem,32K wordsof memoryin RTE-lll

The 92061A is a support package for on-line developmentby the user ol special
for HP 21MX and 21MX E-SeriesComputors
instructions
microprogrammed
FEATURES
Online operationin RTE-Il/lllsystem
Simpleassemblylanguagelor microprogramming
Cross-referenc€generatortor simplifiedprogram development
Microdebugeditor for interactiveprogram editing and checkout
Operator-enteredmicroprogrambreakpoints
FullWCS support,includingdriver,load utilities,and loadverificationroutines
Dynamic WCS overlay utilities
Uo to 3072 instructionsin WCS
PROMtape generatorfor outputtingproductionmicrocodeon (punched)PROM
"burn" taoes in userspecified lormat
FUNCTIONALSPECIFICATIONS
ENVIRONMENT
92OO1ARTE-ll systemwith 92oo2A Batch-Spoollvlonitoror 920018 RTE-ll
system or 92060y'V8RTE-Ill system.
MEMORYUSAGE
The WCS driver requires 1080words ol resident memory. Other programsin
the RTE MicroprogrammingPackage require an 8K-word background partitionin RTE-ll or a gK-wordpartitionin RTE-lll,includingthe 1K words re-

sy$sm.
oPTtoN 020
Replaces the punched tape sottware moduleslisted under ilems 1 through 7,
lor
(92061-13301)
above, with sottwareon one 9162-0061HP mini-cartridge
read-in by 2645A-007 or 2O44A CRT T€rminal interfacedto the computar via
the 129664-001interface and to the operating system via RTE driver DVR05.
PRICESIN U.S.A.:
92061A,S1000.
Option020, N.C.
DlvlSlON: DATA SYSTEMSDIVISION
MANUFACTURING
11000Wolfe Road
Cupertino,California95014 U.S.A

(conlinued trom back page)

Errorsfrom mechanicaltolerancescan be eliminatedby e-beam
exposureof the mask patternsdirectlyon the etch resiston a wafer,
This techniqueavoidserrorsassociatedwith mask alignersand it
compensatesfor the differingthermalexpansionof the masksand
the siliconwafer.Dimensions
of lessthan 1r.r.m
seemachievablewith
e-beambut, unfortunately,
the dimensional
stabilityof a wet-etched
patternis not adequatefor this degreeof resolution.
Dry etchingis
neededto take advantageof the resolutionand accuracypossible
with directe-beamexposure.
Even if the necessaryetching precisionwere attainable,at the
presenttimethe e-beamapproachto directpatternformationis not
practicalfrom an economicalpointof view.The high capitalinvestment in an e-beammachine,which can exceedone milliondollars,
and the relativelyslow exposurerate-typically 30 minutes per
exposure-meansthatduringthe exposuretime requiredby the six
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to eight levelstypical of most processes,the depreciationalone
would cost severalhundreddollarsper wafer.
Nevertheiess,
as variousdry etchstepsbecomefeasible,process
refinements
usingpresentlithography
willenableus to usef inerlines.
Furthermore,
the e-beamtechnologyis immediately
economicalfor
makingmoreaccuratemasks.Possiblynot-yet-perceived
mechaniwillgive bettermask{o-maskregistration,
cal and opticalinventions
continuingdevelopment
of higherdensityprocessesfor large-scale
integratedcircuits.
Well-knownto a wholegenerationof circuit designerstor the
Ebers-Moll
madelot the large-signal
behavioraf tranststars,
John Mall's afltliatianwith HP began over twenryyears aga
as a consultantto HP s fitst semiconductoraperation.John
hasbeen on the facultiesof Ahio Stateand StanfordUniver
Bell Labs
sitles,and he has watkedfor RCA (magnetrcns),
(l/ansislors.),and Fairchild (microwave and optoelectrcnics). He is now fechnlcal Director of the lC lab withln
HP Labs,HP's advancedresearchlacility

E-SeriesDoubles21MXComputer
Performance
Fasterlogic, tmprovementsto the architectureand
firmware,and new mtcroprogrammedfeaturesgreatly
increaseperformancewithoutsignificantlyincreasingcost.
by CleabornC. Riggins
' , - u H E 2 1 M X E - S E R I E S( F i g . 1 ) i s a n e n h a n c e dm e m -$i. ber of the 21MX Computer family introduced in
'1.974.1
The E-Series is designed to increase processor
speed without significantly increasing its cost. The
performance range of the 21MX family is expanded
by a factor of approximately two by the E-Series.
T h e 2 1 M X E - S e r i e sC o m p u t e r i s t h e p r o c e s s o r i n
the HP System 1000, a cost-effective,real-time, multiprogramming computer system (see article, page
2). The E-Seriesalso provides a cost-effectivesolution
for the original equipment manufacturer (OEM) who
adds value through hardware and/or software.

What Was Enhanced
Greater performance within the 21MX family was
the major goal of the designers for the E-Series. Of
equal importance was that the user be able to add to

the machine's capability and that it be possible to add
future products without redesign of the computer.
One of the first questions to be answered was the
technology to be used. Speed improvements within
the T2L bipolar logic family provided the designers
with the necessary performance. This choice of
technology had the added benefit that much existing
hardware design could be used.
Although faster technology contributes to the performance (approximately 15-2Oo/oJ
, it alone was insufficient to meet the design goals. To provide additional
performance improvements the computer architecture was examined by the design team. The logic
structure, microcycle timing and memory system
were all investigated for possible design improvements. In almost every area significant speed improvements were accomplished. The following articles explain what was done.

2 11 3 A

Fig. 1. 21MX E-SerlesComputershave approxtmatelytwice the performanceof earlier21MX
Computers(the M-Series),ataboutthe
same cost.Theyare usedas theprocessorsin HP 1000
Systemsand are suitablefor OEM apphcationsas well.

To provide growth power forthis new 21MX family
member,the user's ability to microprogram the computer was increased in the E-Series.
r The control store address space was increased
four times to 16K words, of which up to 8.5K are
available to the user.
r A new 1K WCS (writable control store) was designed. It increasesthe program space in
WCS while reducing the power requirements.
New software was designedto assemble,edit, and
dynamically use microprograms in a real-time
operatingsystem(seearticle, page 15).
Many microinstructions were enhanced to perform more work within a single microcycle
instruction time.
A new firmware accessoryboard was designed
to house the firmware (microcode in ROM)
offered by Hewlett-Packard; it also has space
for the user to add his own firmware.
A new feature, the microprogrammable processor
port, allows external processors (such as
another E-Series,or a special arithmetic processor)
to be connected to the fast internal data bus and
be controlled by microprogram.
Another new feature,microprogrammedblock I/O,
allows blocks of data to be transferred through
the UO structure under microprogram control.
Remote program load was added.
I
I
Standardself-testfirmware automatically teststhe
memory system and the internal data paths and
registers,
How the UserBenefits
The most obvious benefit to the user is the additional performance the E-Seriesprovides. This performance is attained with only a small incremental
cost, so the performance/priceratio is much greater.
The 21MX instruction set is retained, so previously
developedsoftwareis still usable.The E-Seriesalso
provides the user a complete spectrum of software
and hardware products, one of the benefits of being a
family member.
User microprogrammability, a powerful feature of
the 21MX family, is included and enhancedin the
E-Series.A user's initial plans may not involve this
feature,but when the computer approaches100%
loading, the power of microprogramming can improve its performanceso the same computer can do
more work. The built-in self-test feature helps by
notifying the operator of malfunctions and by building confidencethat the computer is healthy when no
problem exists.
As a 21MX family member,extensivetesting with
existing systems and test software was possible at
very early stages.These tests have been on-going
since February1976,helping to assurethe solidarity

of the product.
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Howthe E-SeriesPerformance
Was
Attained
by Scott J. Stallard
,T,HE DESIGN GOAL FOR THE 21MX E-Series
I Computer project was to increase the performanceof the ZlMX family. Our investigation showed
that the dual objective of increasedspeedwith minimal hardware changescould best be realized by concentrating the design efforts on a new CPU (central
processingunit) board. We found that major performance increasescould be realized using the existing
memory system, inpuUoutput system, dual channel
port controller (DCPC),and dynamic mapping system
(DMS) designs of the 21MX, thereby lowering both
developmenttime and production costs.
First, critical areas of the data path and control

processorwere made faster while increasing board
density.Becausetechnologyhad progressedsincethe
21MX was designed, we were able to use TTL
Schottky and low-power Schottky (7 S-, 74LS-)
devices.
VariableMicrocycleTiming
Second, certain modifications to the microprogrammablecontrol processorwere made to optimize
the control sequenceaccording to the microinstruction to be performed during a given microcycle. The
21MX family is based on a microprogrammedbusoriented processor,as shown in Fig. 1. During one

(15 Bits)

T-Bus (16 Bits)

Fig. 1. 21MX E-SeriesComputer ls based on this microprogrammed, bus-oriented processor
Performancehasbeen improved.overearlier21MX modelsby ustng fastercircuitsand optimrzIng mtctoptocessoroperauon.
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microcycle, the contents of any register maybe placed
on the data (SJ bus. The ALU (arithmetic/logic unit)
performs some operation involving the data and the
latch, after which the result vnay be shifted and then
stored in the destination register.
The microinstruction word types of the 2tMX have
been retained.l In a simple word type 1 operation,
such as

Previous P5

S2

INC

which stores into the A register the incremented
value of 52, the sequenceof control statesis divided
into five periods,numberedP1 through P5 (Fig. 2).
During P1, the microinstruction is loaded into the
control processor'smicroinstruction register (MIR),
and decodingis initiated. During P2 and P3, the 52
registeris placedon the data(S)bus.By the end of P+,
the increment operation is complete and the valid
result may be clocked into the A register at P5. Since
this type of operation occurs frequently, the state (P)
assignmentsand timing were optimized to perform
this microinstruction type in the minimum time as
dictated by the datapath device delays.EachP period
is 35 nanoseconds,so the microinstruction execution
time is 5x35 : 175 nanoseconds.
In parallel with the execution of the word type 1
microinstruction the control processorreadsthe next
sequential microinstruction from control store, so
that delays through control store,whether it is ROM,
PROM, or RAM fwritable control store), are transparent. However, if a branch instruction is encountered, a different sequenceof events must take place.
For example, a word type 3 instruction, such as
ISB

CNDX

OVFL

RIS

Microprocessor Control State

Period

P1

Load Microinstruction Register, Start to
Read Next Sequential Microinstruction

P2,
P3

Oecode Word Type, Check to Seeif
cNox ls Met.

El

Read Branch Target

E2,
E3,
P4,
P5

Access New Microinstruction

Next P1

Execute Target Microinstruction(l57)

Fig.3, Microcycle for a word type 3 instruction containsthree
additional 35-nsperiods to allow time for branching. Thusthe
E-series timing is adjusted according to the requirements of
each microinstruction instead of being fixed according to
worsl-case conditions.

set (Rls);otherwisethe processorwill executethe next
sequential microinstruction. The control processor
sequenceis shown in Fig. 3. P1 is similar to that in
word type 1, During the decoding eventsin P2 and P3,
the 1snoperation is detected,and the condition code
is evaluated to determine whether a branch is to be
perforrned.If it is, three additional periods,81, E2,
and E3, are inserted into the control statesequenceto
allow the required time to reload the microaddress
registerand accessthe contentsoftargetaddress1578
from control store.The execution time, therefore,for
unconditional branches or conditional branches
where the condition is met, is (5x35 ns) + (3x35 ns)
: 280 ns. This variablemicrocycletiming, a dynamic
altering of the statesequencein a microprogrammed
control processor,provides a real performanceadvantage and represents a departure from the simpler
philosophy of defining the microinstruction statesto
accommodatethe worst-caseevent.

r57B

will conditionally jump to the subroutine beginning
at control storelocationTSTuiftheoverflowbit is not

Microprocessor Control State

Period

AsynchronousMemoryOperation
A third major contribution to E-Seriesperformance
is improved memory/CPU efficiency. Memory is
treated asynchronously.
The basic mechanism for accessingmain memory
requires that the addressbe set and a READcommand
be issued to the memory system, Then, in a subsequent microinstruction, the results are retrieved
using a TAn (T-registerto A or B) command. A typical
sequenceto read a word might be:

Previous P5
P1

Load Microinstruction Register, Start to
Read Next Sequential Microinstruction

P2,
P3

Decode Word Type, oecode Source, ALU
Function, and Destination Register as
Fequired

P4

Pertorm ALU Function

P5

Store Result into Destination Register,
Perform Special Tasks

Nexl P1

Fig. 2. Each microinstruction executes in one microcycle,
which is divided into P-periods, each 35 ns long. For a word
type 1 microinsttuction there are five P-periods and the
microcycle is 175 ns long.
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(1) READ
(2)
(3) JMP
(4)

COV
CNDX

PASS
INC
OVFL
PASS

M 51
51 51
HALT
L
TAB

(SET ADDR, ISSUEREAD)
(CNDX NOT MET)
(RETRIEVEMEMORY DATA)

The Ruanoperation is decodedduring the execution

Period

Microprocessor Control State

Previous P5
P1

Load Microinstruction Register

P2,
P3

Decode Word Type, Detect T-Register
Request

P3
'

Wait for Memory Operation to
Complete

P3
P4

Pass T-Register Data To L-Register
(Larch)

P5

Store In L-Register

Next Pl

Fig. 4. Main memory is treated asynchronously in the
E-Series.During a memory operationthe microprocessormay
pause in peilod P3 if necessarvto wait fot the memorv oDeration to complete.

of line 1 and is issuedto the memory controller at the
beginning of the execution of line 2. Since neither
line 2 nor line 3 makes another request to memory,
and memory operations require an amount of time
equivalent to that of two or three microinstructions,
theselines are allowed to executenormally and without interruption. Line 4 requeststhat the transferregister 6an;, which containsthe result of the nERnoperation, be passedto the latch register1r1.If the memory
system has not completed the read operation by the
time line 4 is decoded,the control statesequencewill
pausein period P3 until the T-registerbecomesvalid,
as shown in Fig. 4.
The examplecould be changedso that lines 2 and 3
are omitted. Then the control sequencewill pausefor

severalmore periods waiting for the memory operation to complete. This is essentially wasted time if
other processingcould be done, so efficient E-series
microprogramming means performing as much processingas possible in parallel with a memory operation. In either case,the memory operation is transparent to the microprogrammer. The read request may
precede the T-register request by up to three microinstructions (as in the example) and the data is
guaranteedto be valid even when the DCPCis active,
Implicit here is that the E-SeriesComputer can accommodateany speedmemory system,leaving room
for future performance or cost enhancements.Currently, using the standardmemory system,memory is
busy approximately 90% of the time, while the control processoris busy (i.e.,notpaused) more thanTSo/o
of the time in a typical machine instruction stream.
Higher-speedmemory could increaseprocessorperformance,and thereforeoverall performance,by over
2oo/oand no modifications would be required to the
CPU.
OverlappedInstructionFetches
A fourth areawhere the performancewas improved
over the 21MX was in enhancedmicroprogramming
features.Many of the special operations required to
emulate the 21MX instructions have been supplemented with additional hardware to add parallelism
and thereby increase the speed while reducing the
amount of code required. For example, the fourinstruction fetch routine of the 21MX.
Fields:

LABEL

OP

SPECIAL

ALU

S-BUS
STORE ENABLE

OOO
001
OO2
OO3

FETCH

READ

FTCH
ION
CLFL

INC

PNM

P

READ

JTAB

PASS
INC

IR
CM

TAB
ADR

has been compressed to two lines:
Time Required
Operation
E-Series

M-Series

Percent
lmprovement

Integer Arilhmetic

10s

15s

50%

Floating Point Arithmetic

12s

21 s

75%

RTE Operation
lnitiate Request
Interrupt Processing
Task Scheduling

0.122s
0.224s
0.225s

0 . 1 8 9s
0.341 s
0.370 s

70%
527.
647o

Sine Calculation

228 ps

516ps

126%

Fig. 5. Eenchmarkresultsshow performanceimprovement
of the 21MX E-SeriesComputersoverthe M-Series.ln another
benchmark study involving task scheduling, analog and digital data acquisition,floating point calculations,and swapping
of disc- and memory-resident programs, E-Serles performancelpricewas calculatedto be 8.7 versusthe M-Serles'
5.4, using operationscompleted in a given time as a measure
of performance.
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Fi€lds:

LABEL

OP

SPECIAL

ALU

STORE

S-BUS
ENABLE

OOO
oo1

FETCH

READ

FTCH
I'IAB

PASS
INC

IRCM
PNM

TAB
P

This routine takes the result (ras) of a previously
issued (by the previous instruction) read operation,
places it in the instruction register (n), and in the
memory addressregister(cM),setsthe baseor current
page register, initializes memory protect and several
internal registers (FTCH),and starts a read on the
operandaddressin M. Line 001 conditionally increments the program counter and the addressregister
(exceptin special cases)and performs a jump grAB)to
the control memory addressspecified by the rR.If an
interrupt is pending, pan branches to the interrupt
handling routine. Instructions that occur frequently
in typical programs fmemory reference,shift-rotate,

alter-skip) are mapped directly with pan. Others of
the 166 supported instructions that occur less often
undergo multiple decode steps (actually indexed
control branches) to find the entry point of the
routine, but this added time is a very small fraction of
the time required to execute a typical job stream,
providing a very inexpensive decode system.
Floating point instructions have been augmented
by a 48-bit shift normalization operationthat repeatsa
single shift microinstruction until the combined A, B,
and specified registers have been normalized. This
operatesmuch faster than the previous algorithm in
which several conditional tests must be done in
microcode.
Shown in Fig. 5 are the results of somebenchmark
studies that demonstratethe performance improvement of 21MX E-Series Computers over their predecessors,
the M-Series.
MultilevelSubroutinesfor the ControlProcessor
A subroutine savestackhasbeenaddedto allow the
microprogrammer to nest up to three levels of subroutines (compared to one in the 21MX). This provides for more modular and structured microprogramming than was previously possible.Utilities that
are standard in the base set (indirect handler, interrupt processor, loader, etc.) may be invoked from

user-defined subroutines, making a user's routine
easier to write and debug.@

Scott J. Stallard
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1. P. Gordon and f.R. Jacobs,"MicroprogrammableCentral
ProcessorAdapts Easily to Special User Needs," HewlettPackardfournal, October 1974.

SPECIFICATIONS
HP 21MXE-SerlesComputers
CENTRAL PROCESSOR: Ths csntral processoris microprogramcontrolledand
is also microprogrammabla.Microprogrammabitity
fully software support€d.
ADDRESS SPACE: 32,768 words; 1,048,567wdds with DMS (optional).
WORD SIZE: 16 bits.
SYSTEM CYCLE TIME: 5601 35ns with HP 21028 memory systemBASE SET INSTRUCTIONS:128standardinstructionsincludingindex register
instructions,bit, byte and word manipulationinstructions,oxtandodarithmatic
instructionsand high-speedfloating point.
OATA REGISTERS:2accumulators,
2 indsx registers.
SELF TEST: Automatictests ol CPU and memoryopsratingcondition.Executed
pofler
on cold
up and lBUTost Switch.
lNlTlALBINARYLOADERS:HP disc loadersand papertape loadorstandard.
CONTROL PROCESSOR:Providss complets control ot tho contral procassorvia
microprograms.(HP supplisd or user generated.)
AODBESS SPACE: 16,384 words
WORD SfZE: 24 birs
CONTROLSTORE CYCLETIME: Variable(175nsor 28ons)
CONTROLPROCESSORTNSTRUCTTONS:211
|NPUT/OUTPUT
INTERRUPT STRUGTURE: Multitevelvectored priority intorrupt; priority
detorminodby interrupt location.
l/O SystemSizo
2109A
21'l3A
14
Standardt/O Chanets
9
with one extender
25
30
with two extenders
41
46
MEMORYSYSTEMHp 21028
TypE:4K N-channetMOS ssmiconductor
RAM
WORD SIZE: 16 bits plus parity tit
CONFIGURATION:Controller plus plug-in momory modulos available in
8192 word and 16,394 word modules.
PAGE SIZE: 1024words
DIRECTMEMORYACCESS (DCPC ACCESSORY):Assigmble to any two l/O channels.
MAXTMUMTRANSFER BLOCK S|ZE: 02,769 words.

TRANSFER RATE (in 106words/s):
without OMS
with DMS

Input
1
1

Output
.92
.86

ENVIRONMENTAL
OPERATINGTEMPERATURE:0'io 55"C
STORAGE TEMPERATURE: -4O' to 75"C
RELATIVE HUMlDlry (non-condensing):20o/oto 95o/oal 40"C
ALTITUDEOPERATING:4500m (15,000tt)
NON-OPERATING:15,300 m (50,000 tt)
SHOCK: 309 tor 1 lms, 1/2 sine wave shape
VIBRATION:0.30mrn (0.012in) p-p. 10-55Hz,3-axis
PHYSICAL
2113l'
21094
HEIGHT:
317.5 mm (12v2in],
222 mm (gla inJ
483 mm (19 in)
WIDTH:
483 mm (19 in)
597 mm (231/2in)
DEPTH:
597 mm (23% in)
29 kg (64 lb)
WEIGHT:
20.skg(4s lb)
POWERSUPPLY
LINE VOLTAGE: 11O122OV
ac (!207"J
FREQUENCY:47.5to 66 Hz
INPUTPOWERMAX: 2109A,525W; 2113A,800W
PRICES tN U.S.A.
21094, $5850.
2113A,96850.
21028 Controller,$600;8K,9750; 16K,92100.
1K Writable Control Store, $2000
Dual ChannelPort Controller,$750.
Dynamic Mapping System, 91950.
MANUFACTURING
DIVISION: DATA SYSTEMSOIVISION
11000 wolfs Road
Cuperlino, California94015 U.S.A.
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Featuresof the
Microprogrammed
21MX E-Series
by Thomas A. Lane

ICROPROGRAMMINGIN THE 21MX E-Series
processormakesit possiblefor the processorto
emulate the 21MX instruction set, thereby maintaining instruction set compatibility with the 21MX
family. Microprogramming is also used to implement
standard features and user options that enhance user
capability and convenience for minimum incremental cost.
The E-Series also supports user microprogramming, which allows the user to enhance performance
by defining additional instructions tailored to his
needs. HP offers both hardware and software support
for user microprogramming (see reference 1 and article, page 15).
New microprogrammed features that are standard
in the E-Series are a self-test firmware diagnostic,
remote progmm load, a microprogrammable processor port, and microprogrammable block UO.
Self-Test Firmware Diagnostic
Vital to the operation of all computer systems is
maintaining system integrity, or freedom from
hardware failures. System integrity is verified by
periodically running diagnostic programs on the system. A memory diagnostic is an essential element in
this process.
In the E-Series,
memory is semiconductor

Test

Test
Description

Test 1

Tests CPU Data Paths

Event That lnitiates
Test Execution

PressrBLSwitch
or
ColdPower-Up
or

dynamic RAM which, although more reliable than
magnetic core, still requires periodic testing and verification. Memory testability becomes progressively
more important as memory size increases and represents a greater proportion of the system hardware.
Thus there is a need for stand-alone diagnostics that
can be easily used to detect and locate failures.
In the E-Series a set of memory diagnostics is resident in the base set microcode. The advantage of
using microded diagnostics is the short run time resulting from the fast execution rate of microinstructions. This is important for memory diagnostics,
whose execution times are often prohibitively long.
Another advantage of microcoded diagnostics is that
they can be ROM-resident. Therefore they do not require loading or configuring. Executing ROMresident memory diagnostics also avoids the hazards
of testing memory with a diagnostic resident in that
memory.
The E-Series base set contains three separate diagnostic programs, Test 1, Test 2, and Test 3 (Fig. f).
Each test is initiated by a specific user action. The
processor and memory are tested automatically during cold power-up by Test 1 and Test 3. Since the
E-Series has standard parity error detection, Test 3
performs the additional function of initializing all
present memory with the correct parity.

Error
Reporting
All Operator Panel Display Register
Bits and Display lndicator Bits On.
ovFL Bit ls On.

INSTP STEP

Machine Instruction
100000s
Test 2

Tests All Present Memory (Up to
32K) with Read/Complemenvwrite
Algorithm. Test is Non-Oestructive
to Memory Contents.

Press rsL Switch

All Operator Panel Display Register
Bits and Display Indicator Bits On.
ovFL Bit is off.
A= Good Data
B = Bad Data
M= Failure Address

Test 3

Tests All InstalledMemory.The Test
Algorithm Writes Oata Patterns in a
Known Background and then Verities the Written Data. lt then Restores the Background and Verifies
It. The Test ls Oestructive to Memory and Fills Memory with Contents
ol the S-Register.

ColdPower-Up
or

All Operator Panel Display Register
Bits and Display Indicator Bits On.
ovFL Bit ls O,fl.
A = Good Data
B=Bad Data
M=Low-Order 15 Bits of Failing
Address
S(Low-Order 5 Bits)=fl;96-9t6", 5
Bits of Failing Address

INSTP STEP

Machine Instruction
100000a

Fig. 1. 21MX E-Serlesbase set
mi ct ocod e contains three se/i-test
diagnostic programs. lf a test reveals a failure the front-panel display indicates what happened.

Pressing the rsl-rnsr switch on the operator panel
causesthe processor and memory to be tested by Test
1 and Test 2. Thus a nondestructive memory test is
done every time IBL is invoked.
The user can run Test 1 and Test 3 by single-cycling
machine instruction 100000a with the INSTPsTEP
switch, and the key in OPERATE
or LOCK.In the OpsnRrr position each test runs once. In LocK, the tests
loop until the key is returned to oIERATEor a failure is
detected. Since Test 3 is a destructive memory test, it
is imperative that its execution be prohibited in the
RUN mode, because if 1000008 is accidentally executed in a running program, it will destroy the memory contents and the program. For this reason, Test 3
will run only in the ualt mode and INSTI srEp must be
used.
Whenever a set of tests is terminated the processor
returns to the normal front-panel mode, If a failure has
occurred, the front-panel display indicates the nature
of the failure, and in the case of memory failures,
helps the user locate and replace the failing part.
Remote Program Load
Remote program load (RPL) is a feature of the
E-Series base set microcode that allows users to initiate an automatic bootstrap and run operation from
either a local or a remote site. This operation consists
of a complete bootstrap load operation from disc,
communication line, or other specified device, followed automatically by its execution. Thus, RPL is
useful in distributed processing systems where automatic startup must be initiated from a remote or
unattended location.

Satellite E-series Processor Set Up for RPL
E-Series
Processor

Switch Block
RPL
Enable

RPL
T r i g g e rL i n k

E-Series.
Processor

'

FPL
Bootslrap
Device
Select Code

ROM
Loadsf
Selecl

Central Processor

Initiate
satellite
BPL

' 1 . C P U i n R U NM o d e
2. Operator Panel Key Switch in the LocK Position
3. Switch 1 of SwitchBlock Set lor BPL Enable

The normal method of bootstrapping an E-Series
processor is to set specified information in the
S-register and invoke the tnl function from the
operator panel. The user sets the S-register to select
one of four ROM loader programs resident in the
E-Series processor and the select code of the I/O device from which the computer will be loaded. Pressing IBL causesthe selected loader program to be read
into memory and configured to the specified I/O device. Pressing RUN causes the loader program to be
executed, resulting in a system load from the I/O device. Pressing RUN again initiates system operation.
RPL can accomplish this task automatically and unattended.
The RPL process can be triggered in any of three
ways: an I/O interface manipulating the processorRUN
flip-flop, cold power-up of the processor, or execution of a HALT instruction. Any of these events can
trigger RPL provided other conditions are met. The
operator panel key must be irt the locx position, and
the configuration switch block located on the processor board must be properly set. Eight switches there
are used to provide the I/O device select code and
ROM loader selection previously provided by the
operator. In addition, a switch that enables RPL must
be in the enable position.
The RPL operation is controlled in the saLt code
portion of the base set microcode. It should be noted
that although the target machine being emulated is
halted after executing a nalr instruction, the control
processor,which executesmicrocode, is never halted
so long as power is applied. The microcode determines whether RPL is desired, calls the IBL routine
indicated by the configuration switches, and issues
the run command to the processor. Special care must
be used in systems that run with RPL enabled because
the RPL process will be initiated by every HALr encountered.
RPL can be used to create a system that starts
operating automatically during power-on. This can
be a convenience when a complex startup procedure
is needed or when startup must be done by inexperienced people.
RPL can be used to control a remote satellite in
distributed systems. The satellite is configured with
RPL enabled and is triggered over a remote link
through an I/O interface card in the satellite. A typical
system is shown in Fig, 2.
Microprogrammable Processor Port
Standard in the E-Series processor is a new microcoded I/O method called the microprogrammable
processor port (MPP). The MPP provides a highbandwidth, direct data path between the E-Series
processor and external devices.
In a bus-oriented, microprogrammed processor like

Fig.2. Remoteprogramload is a featureof the E-Serlesbase
set microcode that makes lt possib/e to initiate an automatic
bootstrapand run operationfrom a localor remotesite.Herea
distributed-systemcentral stationtriggers a satelliteE-Serles
processor.
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cycle. For example,the following microinstruction
would perform a transferfrom the external processor
into the A-register.

E-Seriesprocessor

OP

SP

ALU

ST

PASS

S BUS
MPBEN

A transfer from the E-Series to the external device is
accomplished by the external device's using
MeBST.psto strobe the data on the S-bus (and MPPIO
bus) into a register. For example, the microinstruction
for a transfer from the A register to the external device
would be:
OP

SP

ALU
PASS

ST
MPBST

S BUS
A

The two special field signals (elrse and PPzSP)are
control lines that are activated by placing the corresponding microorder in the special field. The function
of these signals is user-definable. Another signal, le,
is an input to the E-Seriesprocessor; it is a microcode
branch condition and can be used to communicate the
status of the external device.
Fig. 3. Ihe microprogrammable
processor
port (MPP)is a
The use of a microprogrammed I/O driver produces
newhigh-bandwidth
directdatapath betweenfhe E-Series
very
high data transfer bandwidths. Shown below are
processorand an externaldevrce,suchas a front-end
proprocessor,or anotherF-Serles typical MPP transfer rates obtainable in various
cessor,a spectalarithmetic
processor.
applications.
the E-Series, each data processing operation is done
in a unit of time called a microcycle. During each
microcycle, one microinstruction is executed. The
microinstruction contains fields that specify the
source of the data to be gated onto the S-bus, the ALU
operation to be performed, and the data destination.
Any device connected to the appropriate buses can be
a data source or destination.
The MPP is based on an extension of this concept.
The S-bus and appropriate control signals are made
available to external devices to allow the external
device to function as a source and/or destination in
any microcycle. Thus the MPP gives the user the
power to define generalized source and destination
microorders for devices external to the processor.
The MPP consists of a buffered version of the main
processor data bus (S-bus)called the MPPIO bus, plus
additional signals needed to control the transfer. Fig,
3 shows how the MPP links the E-Series processor
with an external device. Typical external devices are
a front-end processor, a special arithmetic processor,
or another E-Series processor.
A transfer from the external processor to the
E-Series is done by the external processor's using
MPBEN
to gate data onto the MPPIO bus (and S-bus)for
the entire microcycle. The processor writes the S-bus
data into the specified destination at the end of the

Type of Transfer

Data Rate

Burst Mode
Synchronous
Asynchronous,Interruptible

5.7M words/s
1.5M words/s
0.75Mwords/s

MicroprogrammableBlock l/O
Microprogrammable block inpuUoutput (MBIO) is
another new feature of the E-series processor. It provides a microprogrammable data path between the
processor and the I/O bus, and accomplishes data
transfers between the UO bus and the processor in a
single microcycle. MBIO can provide a highbandwidth data path between the processor and an
external device or between two processors. MBIO is
implemented by means of a microcoded driver in
conjunction with the appropriate I/O interface.
Standard I/O transfers are initiated by a microorder,
roc special, that causes the processor to synchronize
to inpuUoutput period T2 and then perform the indicated I/O operation during T3, T4, and T5.* The MBIO
feature eliminates the use of Ioc and therefore allows
I/O transfers to occur in any T-period, totally asynchronous with respect to T-period timing.
MBIO requires three new signals in the I/O
'Eachl/0 operation
takesone l/0 cycle,whichconsistsof fiveT-periods,
T2 throughT6. Each
T-period
is equalto onemicrocycle,
whichconsists
(>5).
of a number0f P'periods
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backplane of the E-Series processor. BIOI is activated
by loI in the ssus field of a microinstruction, providing there has been no Ioc special in the previous three
microcycles. The signal is active for the entire microcycle and can be used by the MBIO interface to get
data onto the UO bus. In addition, IoI creates a data
path from the I/O bus to the S-bus. BIoo is activated by
Ioo in the sronn field of a microinstruction, providing
there has been no Ioc special in the previous three
microcycles, The signal is active for the entire microcycle and can be used by the MBIO interface as a
qualifier to store data from the UO bus. In addition,
BIoo creates a data path from the S-bus to the UO bus.
BIos is a timing signal that is used to synchronize the
processor and the MBIO interface during a transfer.
BIoS is active during processor period P3.
MBIO transfers are accomplished on the I/O bus by
manipulating these three control signals. The interconnection between the E-Series processor and an
MBIO interface is illustrated in Fig. a.
The following microinstructions perform transfers
between the MBIO interface and the E-Series processor, providing IoG special has not occurred in the

E-SeriesProcessor

previous three microcycles.
OP

SP

ALU
PASS

JT
A

J BUS
IOI

The following example transfersdata from the MBIO
interface to the A-register.
OP

SP

ALU
PASS

ST

S BUS

roo

A

When many MBIO interfaces are connected to the
I/O bus, a specific interface can be addressed through
its select code. This is done simply by loading the
select code of the desired interface into the instruction register.
There are many additional signals in the I/O
backplane that can be given user-definable functions
on the MBIO interface card and can be manipulated
by simulating the corresponding I/O instruction in
microcode. sxpr', another signal in the I/O backplane,
is wire-ORed to every I/O card slot. When a card is
selected by having its select code in the instruction
register, it can enable the status of its flag onto the
srPF line. Thus srpp can be used to examine the status
of the selected card. sKpp is very useful in MBIO
applications because it is a microcode branch condition and can be used to test status,
An MBIO interface resides in the I/O backplane,
enabling it to use the powerful interrupt system of the
21MX family. This gives MBIO devices the ability to
communicate through the interrupt system.O
Reference
1. F.F. Coury, "Microprogramming and Writable Control
Store," Hewlett-Packard|ournal, JuJy1'972.
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Fig,4, Microprogrammableblock llO is a new feature that
provides a microprogrammable data path between the
E-Serlesprocessorand the llO bus. Data transfersbetween
llO bus and processor take only a single microcycle.
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Interactive
OPNODE:
LinearCircuitDesign
nd Optimtzation
'"

OPNODEis a powerfulsoftwarepackagefor computeraided circuitdesignwithan interactivegraphicsconso/e
in a minicomputerenvironment.
by William A. Rytand

.t

;r

NE OF THE ELECTzuCALengineer'sdreamshas
n
\-f been a design system whereby he can quickly
sketch a circuit and instantaneouslyview its performance on a large, accurate display. Although this
dream is not yet totally a practical reality, the system
describedin this article comesclose to it, The system
is called OPNODE (the name emphasizes the key
words "OPtimization" and "NODE-oriented circuit
description"). For engineers designing linear circuits using frequency-domaintechniques, OPNODE
offers two major advantagesthat previously have not
been generally available: rapid user interaction and
the flexibility of the BASIC language.
User interaction is rapid becauseOPNODEruns on
a dedicated minicomputer system, taking full advantage of the interactive graphics features of the
HP 8500A SystemConsole.lThis consoleis the user
interface for either the 85428 Automatic Network
Analyzer2 or the 85808 Automatic Spectrum Analyzer.3It is capableof generatinghigh-quality graphic
displays in real time, allowing the user to gain insight into circuit performance much more rapidly
than with tabular data. Another level of interaction
is achievedwhen using OPNODEwith the Automatic
Network Analyzer; accurate measurementsmay be
made on microwave devices and automatically analyzed in circuit models to predict overall performance.
The flexibility of the OPNODE package is due
largely to AC BASIC, a supersetof the BASIC languagewith over 100 additional statementsand commands that make it possible to model, analyze, and
optimize linear networks as large as 40 nodes and
200 components.Using AC BASIC as a foundation,
additional circuit-design building blocks are also
provided (Fig. 1): pLoTpAC
for plotting data in various
formats (including semilog and Smith chartsJ,
OPTPAC
for optimizing microwave circuits, DATAeAC
containing data on HP microwave transistors,MApcoN
for converting measured data from the 85428 Automatic Network Analyzer, and rnsyN for synthesizing
various filter structures.The user is free to expand the
OPNODE packageto suit his or her unique application, since all of the building blocks are written in
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AC BASIC and may easily be modified or expanded.
Also included in the OPNODE package is a tutorial
manual with ten examples, a pocket guide, and five
hours of videotapes for training.
Analysis Technique
The analysis technique used in OPNODE is a sparse
Y matrix algorithm, in which the zeros in the Y matrix
are not stored as data. This technique offers several
advantages over other methods. It lends itself easily to
a simple component-by-component nodal description of the circuit, it is computationally efficient, it
requires less data storage, and the algorithm is compact, occupying less than 800 words of memory.
At any particular analysis frequency, the algorithm
begins by initializing an nxn integer array to zero,
where n is the number of nodes in the circuit. The
admittance of each component in the circuit is then
calculated and added to the overall Y matrix of the
network. There are two possibilities for a new admittance being added to the (i,j)th element: either this is
the first entry in this position, or it is not. If it is the
first entry, the complex admittance (requiring four
16-bit words) is placed in the next available position
in a one-dimensional data list, and its location in this
data list is placed in the (i,jJth position of the nxn

Fag.1. OPNODEis a softwarepackage, writtenin AC BASIC,
that runs on HP automaticnetwork and spectrum analyzer systems. lt can model, analyze, and optimize linear networks that
have up to 40 nodes and 200 components. The OPNODE
package includes all of the software modules shown here.

-------....

Complex
Data List

n x n Inleger Array
1

2

0

3

0

0

t.'t+i2.3
-5.2+10
0.02-i0.51

4

o-i62
0.312+i4.98

0

0

6

0

7

0

0

8

0 . 4 8- i 0 . 1 5 2

-0.92-i0.s6
1 . 0 1- i 6 . 9

in which
usesa sparsey matrtxalgorithm,
Fig.2, OPNODE
matrixarenotstoredas data.
thezerosin the Y(admittance)
Thetechniqueis efficientand fast.A 4)-nodeladdernetper second.
workis solvedat a rateof aboutonefrequency
integer array (which was previously zero). For subsequent additions to this same (i,j)th element, the
location of the data is determined by the n x n integer
array and the new admittance is then added to the
previous data contained in the data list. Fig. 2 illustrates this relationship. Once the complete Y matrix
has been formed, a conventional lower/upper decomposition techniquea is used to solve for all of the node
voltages in the circuit.
This sparse Y matrix approach yields two advantages: it requires less memory to store the matrix, and
it is faster than a non-sparse approach. For example,
a 30-node ladder network would require 4x3o2,
or 3600 words, if its complete Y matrix were
stored. Using the sparse matrix approach, only 302
+4x3x30, or 1260 words, are required.
The speed of the sparse matrix approach is also
superior: a 40-node ladder network is solved at a rate
of about one frequency per second, and the time is
approximately a linear function of network size. Algorithms that do not take advantage of matrix sparsity
require times that increase as the cube of the number
of nodes.

tookabout
circuit.OPNODE
Fig.3. A simpletunedresonator
frequency
and Q of thiscirlen secondsto plot the resonant
(seeFig.4).
cuitas functions
ol the tuningre.sistor
designer to develop a feeling for how well it is doing,
thus allowing him to make topological changes if he
perceives that the optimization is in some sense
"stuck".
Since the computer system is a dedicated one, users
frequently allow optimization runs to go all night. A
power-fail feature automatically continues a program
when power is restored after a failure.
Example of Flexibility
As an example of the flexibility of OPNODE, consider the simple tuned resonator circuit shown in
Fig. 3.

OptimizationTechnique
OPNODE can automatically adjust up to ten component values to improve the circuit's performance.
The technique used is a random adaptive search. The
first step in the optimization process is a pair of trials,
the first a random move from the starting point, and
the second in the opposite direction. Depending upon
the success or failure of these two trials, a steering
matrix is updated. This matrix is then used to steer
future random trials away from failures and towards
successes,The user can observe the progress of the
optimization and even modify the rate of learning
dynamically by the use of switch options. This interaction with the optimization process allows the

Flg. 4, Hardcopy version of the graphics-console display
showing the resonant frequency and Q of the resistancetuned resonatorof Fig. 3.
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Fig. 6. A typical two-stage microwave amplifier. The design
is to be optimized to meet certain gain, bandwidth, and VSWR
specifications.

plot these curves required less than 35 statements,
including labeling the axes (see Fig. 5).
Fig. 5. Ihe completeAC BASICprogramto calculateand
plot the curvesof Fig. 4.
The analysis problem is to plot the resonant frequency and Q of this circuit as the tuning resistor is
varied from 1 to 1000 ohms. Most computer-aided
design programs would require the user to input the
resistor value, compute the frequency response of the
network, and manually pick out the resonant frequency, all this to get one point on the desired output
plot. An AC BASIC program to perform this analysis
contains two loops: an inner loop to search for the
resonant frequency, and an outer loop to change the
tuning resistor. Fig. a shows the results of this
analysis. This plot was generated in approximately
ten seconds.
A complete AC BASIC program to calculate and

Amplifier OptimizationExample
Fig. 6 shows a typical two-stage microwave
amplifier. The design goal is to achieve a flat gain of
23+1 dB from 2.0 Io 2.3 GHz, while simultaneously
maintaining VSWRs better than 1.22 at the input and
output ports. The initial circuit performance is shown
in Fig. 7, along with the improved performance after
about ten minutes of optimization. The rate of improvement suggests that the topology is not yet correct, so the circuit is quickly modified to that shown
in Fig. 8, and the optimization is repeated. This time,
after ten minutes of optimization the design goals are
achieved as shown in Fig. 9.
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fohn.Moll on HP's Integrated Circuit Technology
As integratedcircuitsare adaptedto a rapidlygrowingrangeof
applications,
equipmentmanufactures
need to be concernedwith
the technologyinvolvedin buildingthe circuitstheyuse.At HewlettPackard,silicon ha'sbecome-and seemsdestinedto remain-the
basisfor building90 to 95% of the circuitsusedhere.Thus,the major
emphasisin our lC labsis on circuitdesignand processtechnology.
Withinsiliconcircuittechnologythere existsa large numberof
possibleapproachesto any given electronjcfunction.Possible
choicesincludeCMOS in bulk substrate,CMOS on sapphire,12L
(bipolarinjectionlogic), n-channelMOS, p-channelMOS, CCD
(charge-coupled
devices)forcertainsignaland memoryapplicatign,
and ECL(emitter-coupled
logic)or EFL(emitter-follower
logic)bipolar circuitsfor speed. Within each technologythere are further
choices,suchas silicongateor metalgate in the MOSprocess,and
junctionisolationor oxide isolationin the bipolarcircuits.Some
technological
limitations
as wellas the basiccircuitrequtrements
ano
performance
goalshelpdetermineappropriatechoices.Becauseof
thewiderangeof productsmanufactured
goal
by HP,a performance
may be very low power consumptionat moderatefrequenciesor it
may be highestpossiblefrequencyat whateverpowerit takes.Each
of our labsmakeschorcesaccordingto thekindsof productsthatwill
use theirdevices.
A closelinkbetweenthe engineeringlab and the lC lab is proving
to be a successfulmode of operationat Hewlett-Packard.
The systemsdesignersin the engineeringlab supplythe productgoalsand
thecrrcuitdesigns,andthe lC lab providesthenewdeviceandcircuit
technology.This has resultedin some significantdevices.
Some speculationon future directionsmay be of interest.We
presentlybuild digitalcircuitscontaining20,000to 30,000active
deviceswithina5 xs-mm areawithrelativeease.Wewouldliketo out
manymoredevices-perhapsa few hundredthousand,--on
a single
chip becausethis would resultln fewer packagesfor any given
system,andfewerpackagesmeanshigherreliability,
as wellaslower
cost,
The mostseriouslimitations
on extendingsizeand complexityare
the processesrelatedto photolithography.
The accuratereproduction of photomasks,
the mechanicalprocessof positioning
succes-

i,

.sivephotomasks,
the precisionof opticallithography,
and theetching
processare all beingtestedthroughoutthe industryat the present
time.Advancesin any onetechnologycan bringsomesmallbenefits
but significantbenefitscan come only from an across{he-board
advance.
Wet-acidetching,untilnowthe favoredetchingtechnique,undercutsthe maskedareaby 0.5to 1.5pm. Thishascontributed
towards
restrictingthe minimumline dimensionto 5 pm for the largerMOS
circuits,thoughsome bipolarcircuitshaveemitters2 or 3 p,mwide
and some discretedevices achieve 1-p.mminimumdimensions
using specialtricks.
'
Dry etchingtechnologiesthat have minimaland well-controlled
undercuttinghave been demonstrated.These involveplasma or
s p u t t e re t c h i n g ,o r m o l e c u l a r - b e a m
e t c h i n g .U n f o r t u n a t e ltyh e
selective-etching
capabilitiesof thosetechnologieshave not been
welldeveloped.A majoradvantageof wet-etching
technologyis that
mixturesare availableto etch silicondioxidewithoutetchingelemental
silicon,siliconnitrideor aluminum,
or to etch aluminumwithoutetchingsilicon,siliconoxideor siliconriitrioe,
and so on. Properchoicesof
materialsand etchingsequencesallowpatternsto be formedin any
of thesecommonly-used
conductorsand dielectrics
withoutdisturbing the other three.To take advantageof the dimensional-control
potentialof dry etching,gas mixturesthat etch siljconoxide and
a l u m i n u ms e l e c t i v e l yn e e d t o b e f o u n d . P r e s e n t l ya c a r b o n plasma,easilymaskedby the commonlyused phototetrafluoride
resists,etches
siliconand siliconnitridemuch fasterthan eithersilicon dioxideor aluminumbut it requirescare becauseit maydamage
the underlyingsilicon.Althoughprogressin dry etching is being
made,there is stillmuch to be done.
Anotherdiscernibledirectionof change involvesthe use of electron beams(e-beams)for maskgeneration.
A numberof companies
arebeginningto usethe "fine-cut"capabilities
of e-beamlithography
todirectlyfabricatephotomasksthatare thenused in opticallithography.Onesourceof error-i.e.,the opticalreductionof the masksis eliminatedbut the mechanicaland other processingtolerances
associatedwith lithographyremain.
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