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DistributedComputerSYstems
collectdata,controlprocesses,
As multiple minicomputers
and run fests,a centralcomputersystemsupporfsthem
reports,and
all, gatheringdata,generatingmanagement
performingotherfasksat the sametime.
by Shane Dickey

A SINGLE LARGE-SCALE COMPUTER or a netof smaller, less costly computers? In this
Awork
era of multiplying minicomputer applications and
increasing minicomputer efficiency, the answers to
this question are changing. There are, of course, computer applications for which the network solution is
clearly not appropriate, and there are others in which
a decision must be based upon a detailed comparison
of the alternatives. But there are more and more applications that can benefit greatly from a network
solution.
A not-uncommon situation that typifies problems
amenable to solution by a computer network, or a
"distributed" computer system, is that of a manufacturer producing and testing a product in several
discrete steps. Each step in the process takes place in
a different area of the manufacturer's facility, and
several could be completed better, faster, and more
economically if they were automated (examples
might be incoming parts inspection, subassembly
manufacturing, subassembly testing, and final
testing). However, funds for computer automation
are limited. Also, any computer solution must provide for a large, unified data base to coordinate all
the manufacturing and testing areas and to provide
management information.
Hewlett-Packard gzoo-Series Distributed Systems
represent a new approach to solving these problems
and many others. These systems give the user a
powerful minicomputer-based central system and
one or more smaller satellite minicomputer systems,
each dedicated to a specific task such as data collection, laboratory automation, process control, production monitoring, or automatic testing (see Fig. 1).
Special distributed system software makes the systems much more than simple interconnections of
computers.
Programs for the satellites are developed and stored
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at the central system and loaded into the proper satelIite on request via a communications link. This assures centralized quality control for applications
programs and affects considerable savings through
centralization of major peripherals and programming
manpower. Upon execution, the satellite programs
can manipulate the central station's mass storage
devices to build a centralized data base. User programs in different computers can communicate
directly with each other via a transparent communi-

Cover: ln this distributed
computersysfem,a 97004
DistributedSystemCentral
Sfationcollects data from
two satelliteautomatictest
systemsdedicatedto measurementfasks. Test pro. i.. ,. .r':r:r.'':rr".:::'.
deVelOped at the Centfal
.::'.,a.,
stationas a background activity. Communication
is over hard-wiredcable when lhe sysfems are as
c/ose as these or as much as two miles apart.
Common-carrierfacilitiesare used for more widespread networks.
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Flg.1. HP 9700 Series Dlstrlbuted Systemsare hardwarelsoftware systems thatatlow a central
reaLtime executive (RTE) system to communicate with multiple satellite computer sysfems.
Three satellite operating syslems are available: basic control system (8CS), real-time BASIC
(RTE-B),and core-basedreaLtimeexecutive(BTE-C).

cations interface. Becausethe systemsare modular,
a usel who has limited resourcescan begin with a
minimum system and later expand as much as
desired.
A companion package,the RemoteData Transmission Subsystem(RDTS),provides for communication
between the central station and the IBM 360/370
series of computers.Thus a direct link can be established between working automatic test systemsand
a management-levelinformation system. Central
station communication with the HP 3000 is also
possiblevia an HP 30300AProgrammableController.
IntegratedHardware/SoftwareSystems
An HP 9700-SeriesDistributed System is an integrated hardware/softwaresystem. Fig. 1 illustrates
a four-satellite arrangement.At the central station is
an HP 2100-Series
Computerwith 24K or 32K words
of core memory and various peripherals, including
one ol more disc drives, a paper tape reader, and a

systemconsole.To thesemay be added one or more
magnetic tape drives, a line printer, a card reader,
a paper tape punch, a digital plotter, and various
measurement instruments. Central station software
consists of the multiprogramming real-time executive (RTE),a file managementpackage,and the central station communication executive (CCE).
Each satellite consists of an HP 2100 Computer
with 4K or more of core memory and whatever peripherals and console are required. For simple applications a 64-word remote communications loader
provides for down-link loading of user-written applications programs from the central station. However,
most applications will probably require someform of
satellite operating system. The three satellite operating systems available are the basic control system
(BCS), the core-basedreal-time executive (RTE-C),
and the real-timeBASIC system(RTE-B).Fig. 2 compares their features and capabilities. The operating
system is combined with a satellite communication

A Working Distributed System
At HP'sAdvancedProductsDivisionin Cupertino,California,
a 9700 DistributedSystem helps produce the HP-35, HP-45,
HP-70.HP-80.and HP-65PocketCalculators.
RTE Central System is a 32K distributedsystem central station. lt has two swappingpartitionsand a full complementof
peripheralsincludingdisc drive,card reader,magnetictape,
lineprinter,and papertape readerand punch.lt is usedas the
central file system as well as for program preparation,data
Applicationsprogramsfor the
analysis,and reportgeneration.
satellitesare stored here and loaded into the satellitesas
needed-for example, when changing from HP-80 testing to
HP-65testing.

RTE-C Manufacturing Support Satellite supports all of the
automaticequipmenton the manufacturingline: four logic
boardwelders,threelogic boardtesters,and a batterycharger/
IesIer.
RTE-C Incoming Inspection Support Satellite has a 16K
computercontrollinga ROMtester,a continuitytester,a component tester, and a data entry station.This satelliteis on a
livemilesf rom
Bell103 modemlinkto itslocationin a warehouse
the mainfacility,
BCS Magnetic Card Recorder Satellite does all of the program recording for the library of prerecorded HP-65 program
(continuedon facing page)
cards.

Distributed System Central

Card Recording Satellite

BCS Quallty Aseurance Satellite may be used as a calculator
simulatorwith access to the centralfile system.
RTE-C Hybrid Manufacturing Support Satellite is a 16K
computer supportingtwo hybrid testers and a data entry
station.
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Fig.2. Capabilitiesof the three types of satelliteoperating
systems and the central reaLthe executive sysfem.
Hybrid Manufacturing Satellite
Electronic Maintenance Satellite is used for peripheraltesting, lt has access to variousdiagnosticprogramsstored in
the centralfrle system.
Special Teleprinter has an HP-65 card reader installed. lt
is usedto generateprogramlistingsfortheHP-65user'slibrary.

executive (SCE)to complete the link to the CCE.
Connecting the central station with the satellites
are serial communication interface cards and either
twisted-pair cables for hardwired interconnections
or user-supplied modems for communication over
common-carrier facilities. Distributed system packagesconsisting of just the communication hardware
and software are available as separate entities for
users who already have the computer systems.
The BCSSatellite
The basic control system (BCS) is the least complex of the three satellite operating systems.It provides a starter-setcapability to the measurement
satellite programmer. Satellite communication executive SCE/3connects BCS with the central station.
BCS handles execution and inpuUoutput intenupt
processing of FORTRAN, ALGOL, and assemblylanguage test programs by means of a complete set
of measurement-instrumentI/O drivers and library
subroutines. Becauseof its simplicity, BCS has the
fastest I/O interrupt service time of all the satellite
types, and it is well suited to the dedicated highspeed collection, concentration, and remote storage
of test data.
BCS satellites are usually dedicated to their measurement tasksand thereforearenot availablefor prep-

aration of the measurementsoftware that they execute. For this reason all satellite software for these
terminals is compiled or assembledas a background
activity at the central system while the satellites'
ongoing distributed-systemneeds are being serviced
by the foreground distributed-systemmodules of
CCE.The object code thus produced is relocatedby a
system crossloader and stored on the central station
disc to be sent to the satelliteon request(seeFig. 3).
The BCS satellite operating systems and programs
can be generatedfrom files in a batch mode or interactively from the central station console.
RemoteFile Accessand RemoteSystemServices
Once the test program has been loaded into the
satellite and begins acquiring measurementdata, remote file access(Fig. a) makes available to the satelIite programmer all of the power of the central station's file managementpackage(seebox, page 10).
When a requestfor remote file accessis issued by
a satellite user program, control is transferred to a
remote file access interface subroutine, which assemblesall calling parametersand data,if any, into a
transmission buffer. This buffer is shipped to the
central computer by SCE/3via a serial-communication I/O driver. Upon arrival at the central station,
the requestis queued up by CCEfor execution.Upon
execution,the processingof the requestis a two-step
procedure.The initial step is accomplishedby a remote file accessmonitor, which determineswhether
the request is for a new or existing file. If the request is for a new file, a data control block (DCB) is
createdfor use by the file. If the requestis for an existing file, the previously createdcontrolblock is used.
The central station distributed software maintains
a data control block for each file currently open in a
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Fig.3. Sate//lfesystemsare freed from program developmentand storageproblemsby central
programpreparationand automattcdown link loading: 1. Satelliteapplicationssourceprogram
is compiled or assembled (optional) 2. Systemcross /oader builds satellite operating system
from operator interaction or file input and relocates the object program for the target satellite
3. Relocatedprogram or system ls sfored on central disc. Then: 4. Programor syslem ls requestedby satelliteuserprogramor operator(notshown:centralstationoperatoror programmer
may issuerequestfor RTE-Csatellite,whichmay be unattended) 5. Satellitesyslemsends requesttocentralqueuingmodule 6.Requestlspassedtoprogramloadmonitor T.Program
or syslem is recalled from disc B. Program or system is loaded into satellite 9. Completion
reply is returnedto requester.

satellite. The data control block is required by the
file management package for file-specific information and for a packing buffer. The system will allow
up to 256 of these data control blocks concurrently,
one for each of the maximum number of satellite files.
System access time to these data control blocks
will be minimized if they are maintained in a coreresident table. However, the core consumed in an active system can be excessive. Core can be conserved
if the data control blocks are maintained on disc, but
this slows down control-block access.9700 Distributed Systems solve this dilemma by dynamically
maintaining only data control blocks for recently referenced files in core. If a file goes unused for an extended period of time, its data control block is "aged"
as new requests are received. When a data control
block is older than all other core-resident data control
blocks, the next request for a new file will cause it to
be transferred to an overflow disc file for later recall.
The user can control the relative sizes of the coreand disc-resident portions of the data control block
table at system generation time.
After the data control block has been assigned and
all pre-execution conditions have been satisfied by

the monitor, control is passed to the execution module. This module reassembles the original request
and data from the transmission buffer, performs preliminary error checking, and executes the request
under file subsystem control. The success or failure
of the transaction is then transmitted back to the satellite system and then to the user program, thus completing the service of the request.
Besides the remote file access calls, the BCS satellite programmer has access to many of the requests
for central system services (RTE EXEC calls) that are
available to the central station programmer, The service requests are designed to aid in the synchronization of network times, events, and program control, and include a clock-time request, a program
schedule request, and unit-record and instrument I/O
requests.
The clock-time request returns the contents of the
central station real-time clock to the satellite. The
schedule request causes a central station program to
be scheduled for immediate or time-delayed execution. Thus, for example, a central data reduction program can be scheduled to process data gathered by
the satellite and stored at central. The unit record

Fig.4. Centralstation data storage and file management capabilities are made available to the
satelliteprogrammerby remotefiTeaccess. l . Satelliteuser rssuesrequestto satellitesystem
2. Requestis sentto centralqueuingmodule 3. Requeslis passed to remotefile monitor 4.
Monitor sets up "aged" data control block (DCB) 5. Monitorpasses request to execution
module to be formatted 6. Formattedrequest ls passed to file management subsystemfor
execution 7. Data is read (written) fron (to) the destred central peripheral B. Requesl slatus
and data are returnedto satellitesystem g. Sfatusand data are returnedto the requester.

requests cause I/O control, status and read/write commands to be issued to central station devices or instruments. These requests are handled by the system
in a manner analogous to that of the remote file access
calls, except that data control blocks are not needed.
System Operator Interaction
Interactive operator commands provide file control
and further enhance network program control. SatelIite operator control of central files is accomplished
by implementation of an operator interface for the
commands to create, close, purge, and rename files.
Program control is enhanced by providing an operator interface to the central station service requests
already discussed. Also, the satellite operator can at
any time cause the executing satellite test program to
be terminated and, optionally, cause a new test program to be loaded into the satellite and executed.
Besides these interactive operator commands the
software includes utility calls to allow the transmission of system messages from the satellite operator
console to the central station console, to cause the
central station real-time clock setting to be printed on
the satellite console, and to list directories ofprogram
and data files on the satellite console.

The directory list feature is an operator utility request of particular interest. The satellite operator
can request a local listing of all program and data
files currently being maintained by the central station file manager. A partial listing may also be obtained.
A complete listing is obtained by entering the command "DLIST" on the SCE/3 satellite console. If the
command is followed by a "filter" word of up to six
ASCII characters, only those files whose names contain characters that match the filter characters are
listed. Any number of characters up to six may be
input; character positions to be ignored are specified
by an asterisk. For example,

:DL[IST]

List all programs stored by the
central system for the requesting
terminal.

:DL[IST], *AB***

List only programs stored by the
central system that contain "AB"
in the specified position (e.g.,
CAB, IABLE, etc.l.

While simple in concept, this feature provides broad
flexibility when used with user-defined file naming
conventions.

Satellites for Specific
Applications
Distributedsystemsare a logical extensionof computer
based measurementequipment designed for specific applications.HP offerssuch systemsfor a varietyof applications.
Thosefor automaticinstrumenttestingand microwavenetwork
systems,
and spectrumanalysis,now availableas stand-alone
will soon be availableas distributedsystem satellites.As
satellites,9500-Seriesand 8500-Seriessystemsfacilitatethe
preparationand coordination
of programsand data for quality
control,test and calibrationhistories,and relatedactivities.
9500 Systems as Satellites
The 9500-SeriesTest Oriented Disc Systems (TODS) are
designedf or a varietyof automatictest environments.As standalonesystems,9500systemsprovideFORTRANand Assembly
Language programmingcapabilityin addition to the ATSBASICprogramminglanguageand a flexibledisc file management scheme.As satellitesrn a distributedsystem,9500 systems attaineven greaterflexibilityby gaining access to the
and real{imeoperating
RTEcentral'sfilestructure,peripherals,
system.Programsrunningin TODS sharecentralstationperipherals,scheduleprogramsin the real{ime environmentof
the central,transferfiles betweenthe file managersof the two
operatingsystems,and create files on either disc from the
measurementdata obtained at the satellite.An interactive
operatorcommand package providesthe satelliteoperator
with capabilitiessimilarto those offeredto the satelliteuser
program. In addition, message transactionsbetween the
operatorsat the RTE central and the TODS operator allow a
manual hierarchyto be establishedin operator-governed
distributedsystems.
8500 Systems as Satellites
These microwavenetworkanalysisand spectrumanalysis
systems have been optimized for specific tests and are furnished with test programsthat minimizeuser programming,
Operatedas stand-alonesystems,their applicationprograms
use only the local computer peripherals.Data interchange
betweenstationsis possible,but only by transferringinformationon magnetictape.In a distributedsystem,bothof these
limitationsare removed.The centralsystem disc file is now
availablefor convenientloadingof program and calibration
data into the satellite.Measurementdata can be stored on
the centraldisc so that a summaryof test resultsfrom several
test stationsis easily prepared.

RTE-Cand RTE-BSatellites
Distributed systemsoftwarehas also been designed
and implemented to couple satellitesusing the corebased real-time executive (RTE-C)and the real-time
BASIC system (RTE-B) to a central RTE system. A
major feature is a powerful capability for direct intercomputer program-to-program communication,
which allows coordination of distributed processes
without the need to rely on a file system. The satelIite communication executives for the RTE-C and
RTE-B satellites are SCE/Sand SCE/4,respectively.
Two different hardware systemssupport either the
RTE-C or the RTE-B software, The 9601 is an integrated measurementand control system consisting

of an HP 2100 Computer,unit record peripherals,and
analog and digital inpuUoutput subsystems.This
system is especially useful in laboratories,research
and developmentenvironments,and similar smallerscale applications. The 9610 is a larger industrial
measurementand control system that provides expanded I/O capabilities and standard termination
panels for data acquisition and alarming, data logging, manufacturing testing, and supervisory control applications.
Under the RTE-C operating system, FORTRAN,
ALGOL, and assembly language user test programs
can be executed. The ISA FORTRAN extensionsfor
simplified digital and analogI/O and systemscheduling functions are also supported.
The RTE-Coperating systemis a core-basedsubset
of the powerful disc based real-time executive operating system used at the central station. RTE-C handles multiple user tasks in a multiprogramming and
hardware-protectedenvironment.With its incorporation into the distributed system network these
featuresare retained and a host of others are offered.
The SCE/ssatellite has remote file accessto source
programs stored on the central computer disc. An
interactive command package is available to the
satellite operator.
Equipped with the RTE-B operating system,standalone9601and g0to systemsprovide the BASICprogrammer with analog measurement,digital I/O, bit
manipulation, plotting, and magnetic tape I/O.
Incorporated into a distributed system, they gain
many significant new features.
The SCE/a satellite is unique in that BASIC test
programs are preparedat the satellite and the results
of the interactive sessionsare stored by satellite
operator command on the central station disc for
later retrieval. Thesesourcefiles can be purged from
the system, merged with additional BASIC program
statementsand loaded into the satellite for interpretation and execution, all by satellite operator commands that have been added to the real-time BASIC
system. Once completed, the satellite programs can
use the remote file accessand program-to-program
featuresof the system.
The SCE/5 and SCE/4 satellites retain all of the
operator capabilities provided for the SCE/3 satellite. In addition, the central station operatorhas been
given the ability to send a messageto SCE/sand SCE/4
satellite operator consoles,request the current realtime clock setting from RTE-C satellites, and schedule RTE-C programs for down-link loading and immediate or time-delayed execution. The central station can also invoke control and read/writeoperations
on RTE-Cand RTE-Bsatellite peripheralsand request
status information on these devices.
A feature of particular interest for factory automa-
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Fig.5. High-level-languageprograms in different computers communicate interactively via a
transparentprogram|o-program communicationrnterface:1. Master satelliteuser issues request lo satellitesystem 2. Requestls sentto centralqueuingmodule 3. Reguesfls passed
to programlo-programcommunicationmonitor 4. Monitorschedulesthereceivingcentraluser
program if not active and queues reguests for the specified central user program (threeare
shown) 5. Centraluser asks for its next request 6. Monitorpasses next request to user for
acceptanceor rejection 7. Centraluseraccepts or refectsrequests B, Monitorconcludesrequest and sends reply to satellitesystem 9. Satellitesystemreturnsreply to user.

tion and other applications that call for unattended
satellites is forced down-link loading, offered with
the SCE/S satellite. This feature allows the central
station operator or programmer to cause an application program to be sent to an unattended SCE/S
satellite and executed.
Program-to-ProgramCommunicationand
Transportability
The remote file access capabilities previously described, expanded to include the RTE-C and RTE-B
satellite types, manage a centralized data base quite
well. However, to pass data from one executing program to another using remote file access,an intermediate file structure is required. The direct program-toprogram communication capability, Fig. 5, eliminates this intermediate step and also allows the coordination of many programs executing in various
network computers simultaneously.
A feature of primary importance in both remote
file access and program-to-program communication
is that of transportability. Our goal here was the
standardization of the user/system interface so that
central station user programs could be executed with-

out modification in a satellite environment (that is,
transported) and vice versa, when dictated by network needs.
The program-to-program facility was designed to
permit the FORTRAN, ALGOL, and BASIC programmer to send and receive data to or from another program executing in another computer by means of
simple library subroutines. All coordination of program execution and data transfer is handled by the
system, Ieaving the application programmer free to
concentrate on the design of the data collection and
measurement tasks specific to his installation. The
system is designed so a program executing in the
central computer can communicate with several
programs executing under RTE-C and RTE-B satellite
operating systems simultaneously.
To further ease the burden on the application programmer the system provides a "tag field" as part of
each system call. This tag field is constructed by the
request originator and shipped by the system to the
receiver, who may interrogate and modify it before it
is returned to the originator as part of the requestcompletion information. The decision to use the tag
field as well as its specific contents remains with

RTE File Management Package
The remotefile accesscommandsprovidethe satelliteprogrammerwith the facilitiesof the real{imeexecutivefile managementpackage.The highlightsof thispowerfulpackageare
as follows.
Multiprogramming and File Integrity
RTE
Of key importancein a distributedmultiprogramming
system is avoidanceof file conflicts.The RTE file manager
providesa varietyof optionsthat permitfile access and file
securityto be optimizedfile-byJileto satisfyrequirements.
Up to seven differentprograms can have the same file open
simultaneously,
or a file may be openedexclusively
to just one
program. Simple, easy-to-usesecurity codes restrictfiles
to designatedprograms and users and control the nature ol
theiraccess(readonlyor readand write).lt is also possibleto
leave access to files unrestricted.
Oftenthe securityof the filing systemis just as importantas
its integrity.
Datain certainfilesmay be of a confidential
nature,
making it necessaryto restrict read as well as write access.
It may be necessaryto assure that data in other files comes
from only one source,so only that sourcecan be given write
accessto thosefiles.Thesamesecuritycodesthatcan be used
to safeguardfile integrityalso form the basis of a file security
schemethat can be as comprehensive
as desired.
The file managerprovidesfor calling programsand data
filesby name.This sparesthe programmerthe inconvenience
and time requiredfor detailedtrack and sectoraddressing.
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Transfersone record from central stationfile to satelliteuser
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Transfersone record from
satelliteuser bufferto central
stationfile.
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disc directory.
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ALGOL,BASIC,or HP
All requestsarecallablef romFORTRAN,
AssemblyLanguage.
Peripheral Device Control
An optionalfeatureof the file manager,one offeringrealconvenienceto the user,is peripheraldevicecontrolby meansof
file managercommands.This is establishedby a file directory
entry for the magnetictape unit, photoreader,punch, line
printer,or otherperipheraldevicethat is to be controlled.
After
the device can be
this directoryentryhas been established,
controlledby the file commands.One importantbenefitof
peripheral
controlvia thefilemanageris thata programcan obtain undividedaccessto a peripheralin the multiprogramming
For example,a satelliteprogramcan issue an
environment.
exclusiveopen to a file that is designatedas a line printer,
lockingout other networkprogramsuntil a needed listingis
completed.

File Manager Calls
RemoteProgramCalls

remotefile

Purpose
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a centralstationfile;
doesnotstoredata.
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to a knownrecordaddress,
Opensa desrredcentralstation
il te,
Sends RTE control reouestto
centralstationfile.

the application programmer using the system.
The program-to-programfacility also provides for
communication between CCEs (central communication executives) in different central computers.
This makes it possible to interconnect several distributed systemnetworks to form a "supernetwork."
Using Program-to-Program
Communication
Program-to-program communication is implemented by means of eight subroutine calls. These
are divided into two types. The first type, the master
requests,consists of the calls: POPEN, PREAD,
PWRIT, and PCONT (program-to-program open,
read, write, and control). These calls treat the other
program as a slave inpuUoutput device and have
Iogical counterpartsin the RTE file system.The second type of call, the slave request,includes the calls:
GET, ACEPT, REICT, and FINIS (get next request,
acceptlast request,reject last request,terminate com10

munication). Thesecalls are used to receive the master calls from the system and, after examination of
the tag field, to instruct the system to return the tag
field to the requesterand to completeor terminate any
pending data transfer. The FINIS call removes the
slave program from active communication with its
master requesters.
When a master program-to-program communication request is issued by a satellite user program,
control is passedto an interface subroutine that assemblescalling parameters,system information, the
user'stag field, and optional data into a transmission
buffer. The systemthen causesthe buffer to be shipped
to the central station via the communication driver.
A master POPEN request received at the central
station causesthe system to schedule the required
central station program (ifnot already scheduled)and
to passthe POPENrequestto that program upon execution. If after examination of the tag field the pro-

gram acceptsthe POPENrequest,a queue is created
by the system for the PREAD, PWRIT and PCONT
requeststo follow, and the updated tag field is returned to the originator. SubsequentPOPENrequests
for this same program will be passedthrough to the
executing program and the existing queue used.
The ensuing PREAD/PWRITrequests received at
the centralstation causethe tag field to be passedto
the executing program. If the request is acceptedby
the central program, the systemcausesthe associated
data field to be written to or read from the queue

SPECIFICATIONS
Distributed
Systems
These specilications are for distributed system hardware and software only.
Speciticationsfor central and satellite systems availableon request.

91700A
Central-to-Satellite Distributed System
CENTRAL COMMUNICATESWITH; BCS, BTE-8, and RTE-C sareiliresystems
SOFTWARE: Central CommunicationsExecutive,including data communications driver
HARDWARE; Serial Data CommunicationsInterface,hardwired or modem
versron
2001 3001 4001 5401 7301
to
to
to
to
to
3000 4000 5400 7300
62.5 31.25
is limitedonly by telephonenetwork;line speed
is determined by choice ol line and modem and can range up to 20,000bits
per second.
MEMORYREOUIRED:
CPU-RESIDENT:500 words plus userdelined system buffer area for use by all
RTE central modules and the system.
DISC-FIESIDENT:3300 words of real-timedisc-residentarea and 6080 words
of backgroundcjisc-residentarea.
MINIMUMCENTRALSYSTEMMEMORY:24K words.

previously created for the program in question.
At completion the updated tag field is returned to
the requester.RejectedPREAD/PWRITrequestscause
the data to be purged from the system. PCONT requestsare passedthrough the systemto the executing
program for tag examination. Thus the PCONT request allows the exchangeof small data fields without the overhead required to process PREAD and
PWRIT requests.
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A QualityCoursein DigitalElectronics
Thispractical approach to the teaching of digital
integrated circuit principles includes hardware, a textbook, and a 26-experimentlaboratoryworkbook.
andBarryBronson
by JamesA. Marrocco

signed to provide enough power to supply several
fully loaded breadboards-a handy feature when
complicated circuits are being designed.

fih DVANCES IN DIGITAL TECHNOLOGY and a
J&. ,esultant decline in IC prices have spurred tremendous growth in both the use and complexity of
digital integrated circuits. This rapid change has
created training problems for educational institutions, military schools, and companies that train their
own personnel. Needed are new teaching tools that
are comprehensive and efficient, yet adaptable to
changing technology.
The Hewlett-Packard Model 5035T Logic Lab,
Fig. 1, was developed to meet this need by providing
a complete, quality course in practical digital electronics. The logic lab is an educational training package consisting of hardware, textbook, laboratory
workbook, and all required parts and troubleshooting
tools; in short, everything needed to train newcomers
to digital circuitry.

The Hardware
Logic lab hardware consists of the mainframe, an
assortment of 32 integrated circuits, pre-stripped

About the Lab
We felt the lab should be easy to use, even for a complete novice, and that it should provide hands-on
experience with current digital circuits. At the same
time, the goals for the lab were such that it had to be
designed to full Hewlett-Packard quality standards.
Outside consultants-an educator and a journalistwere contacted to help work out any bugs in the course.
We also felt strongly that the mainframe should meet
environmental tests to insure that it would be rugged
and dependable over many years ofrough use. Also,
to acquaint the student with digital troubleshooting
t e c h n i q u e s ,w e i n c l u d e d t h e 1 0 5 2 5 T L o g i c P r o b e ,t h e
1 0 5 2 6 T L o g i c P u l s e r ,a n d t h e 1 0 5 2 8 A L o g i c C l i p , a n d
we made them an integral part of many of the.26 experiments contained in the course.
Beyond educational needs, we felt that the lab
would be used as a breadboarding tool, much as we
have used it to help design new digital devices here
in our own plant. So, the lab power supply was de-

Fig.'1. Model 5035T Logic Lab rncludeseverythingneeded
to train newcomers to digital integrated ctrcuits:hardware,
textbook, laboratory workbook, and all parts and troubleshootinq tools.
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wires for circuit interconnection, four fully decoded
LED numeric indicators, an IC extractor, the removable
breadboard, and the three IC troubleshooters-probe,
pulser, and clip.
The mainframe is made of polycarbonate foam with
rounded corners and a 15' canted front panel for ease
of use. The cover is attached to the mainframe underbody with just four screws, and when the cover is removed all circuit components are easily accessible for
checkout and servicing.
The breadboard is held in place by two magnetic
strips, making it easily removable by pressing on the
bottom edge. Thus several students can use the same
mainframe, or a single user can build several circuits
simultaneously using the same mainframe.
Integrated circuits and interconnecting wires are
pushed into the breadboard connection points: no
soldering is necessary.
Four buffered light-emitting diodes (LED's) are located on the front panel above the breadboard. These
act as indicators for circuits installed in the breadboard. Also, six "bounceless" switches provide clean
steps without false switching caused by contact
bounce.
Inside, the mainframe contains a five-volt, oneampere power supply and clock generators at two
frequencies: l Hz and 100 kHz. The TTL compatible
circuits in the mainframe are all fully short-circuit
protected.
Two rear-panel connectors provide five-volt power
for the logic probe and the logic pulser. The logic
probe's indicator lamp shows the instantaneous logic
state of any point in a circuit: it is off for logic lows,
bright for logic highs, and dim for bad levels. Fast
pulses are stretched and displayed at 10Hz. The logic
pulser drives any circuit node to its opposite state
when the button on its body is pressed. Together the
pulser and probe provide a stimulus-response test
capability that is helpful in building circuits, troubleshooting, and learning how digital circuits work. The
Iogic clip lets a student see the logic states of all pins
of t+-pin or 16-pin TTL circuits at the same time, a
valuable aid to comprehension.
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The Books
While the logic lab hardware was being designed, a
search was begun for software to go with it. It quickly
became apparent that there were no textbooks or
laboratory workbooks that met the project's objectives for quality, completeness, conciseness, practicality, and ease of learning. Therefore, the software
was made a part of the logic lab development project.
The result was two new books, an introductory text
in practical digital electronics, and an accompanying 2G-experiment laboratory workbook.
The text is aimed at digital novices.It takes the stu-
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F.9.2. Typical pages from the laboratory workbook.

dent from a discussionof 1's and 0's up through the
most important TTL circuit elementsin current use.
Chapter titles are:
13

lowing. Initial electrical design: Chuck Taubman.
Textbook author and editor: Mark Baker and Juris
Blukis. Workbook author and editor: Roy Schmidt
and Maurice Bird. Manufacturing coordination: Roy
Ingham. Manufacturing plastic development: Bill
Hassel. Marketing coordination: JessePipkin. Service coordination: fack Nilsson. Production introduction: Roy Criswell. Production line assembly
leaders:Walt fohnson and Larry Ligon.E

The Nature of Digital Logic
Decision-Making Elements
Memory Elements
Data and Data Communication
Integrated Circuits and Logic Families
Shift Registers, Counters, and Combinational
Logic Circuits
Arithmetic Elements
Memories
Three appendixes cover numbering systems, data
communication codes, and Boolean algebra.
The laboratory workbook gives the student experience working with the devices covered in the textbook and with the logic lab hardware. The 26 experiments are divided into nine groups:
Logic Lab Familiarization (2 experiments)
Individual Logic Gates (7 experimentsl
Binary Memory Elements (3 experiments)
Sequential Logic (4 experiments)
Data Handling Circuits (2 experiments)
Arithmetic Elements (4 experiments)
Memories (2 experiments)
Signal Conditioning Devices (1 experiment)
Simplification of a Logic Design (1 experiment)
Each experiment concludes with self-test questions
to check the student's comprehension. Fig. 2 shows
portions of a typical experiment from the laboratory
workbook.

SPECIFICATIONS
HP Model 5035T Logic Lab
POWERSUPPLY
VOLTAGE: +5 157. over load ranoe
LOAD RANGE:0-1 ampere
RIPPLE:10 mV rms max
SHORT-CIRCUIT
PROTECTION:continuous
SWITCHES: (6, bouncejree operation)
OUTPUT: TTL logic levels
FAN-OUT:10 TTL loads(will sink >16 mA)
CLOCKS:(2)
FREOUENCY:1 Hz !30"h,100 kHz t30%, nominalsquarewave
OUTPUT: TTL logic levels
FAN-OUT:10 TTL loads(willsink >16 mA)
INDICATOFS:(4)
INPUT:indicatorson above +0.6 volts
INPUTIMPEDANCE:>40kO(< 1 TTL load fan-in)
VOLTAGEI 1O0, 120, 22O,240 volts +5%, - 10"h 48-440 Hz
POWERDISSIPATION:30Watts mil
TEMPERATURERANGE:0-55'C
WEIGHTS
NET:Labonly,5 lbs,10 oz.(2.55k9);withcas anddocumentation
13 lbs(5.9kg)
SHIPPING:Lab only,7 lbs,12 oz. (3.5kg); withcaseand documentation
15 lbs,
2 oz. (6.86 kg)
DIMENSIONS
Lab only: Height31/2" 189mm), Wdth 12114' (311 mm), and Depth:101/2"
(267 mm)
PRICElN U.S.A.:$695.
MANUFACTURING
DIVISION:SANTACLAHA DIVISION
5301 Stevens Creek Boulevard
SantaClara,California95050 U.S.A.
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Simplified Data-Transmission
ChannelMeasurements
Synthesizedsignal generationand a dual trmelnterval
measurementsimplifyevaluationof group delay and
attenuationdistortionin voice-gradetelephone/ines used
for transmittingdigital data.
by David H. Guest.

.H NCREASING WORLD-WIDE DEMAND for data
'i. transmission facilities is resulting in ever-higher
bit rates being pressed on to voice communications
channels-channels that were never intended for digital communications. The transmission quality of
these lines thus becomes of concern to a growing
number of users.
Two important characteristics a transmission channel needs for data transmission are constant group
delay and constant attenuation across the frequency
spectrum of the modem's transmitted signal. Serious
deviations from this ideal cause signal distortions
that result in misinterpretation of the digital symbols

by the receiving modem, particularly at high bit rates.
The group delay characteristic, which is of no importance in voice communications, therefore becomes
significant in circuits to be used for the transmission
of high-speed data.
Recently described in these pages was the Model
4940A Transmission Impairment Measuring Set,1an
instrument that, among several other measurements,
determines group delay according to standards established for North American telephone networks. The
new Model 377oA Amplitude/Delay Distortion Analyzer (Fig. 1) to be described here measures group delay according to CCITT standards which prevail in

Fig. 1. Model 37704 Amplitudel
Delay Distortion Analyzer measures lhe quality of voice channels used for transmitting digital
data.Boththe senderand receiver
are combinedin a singleportable
unit.

t3

most of the rest of the Western world and on international circuits. However, it is expected that data channel users in all parts of the world will want this instrument to check out the quality of their circuits, particularly because of its compactness and unprecedented
ease of use.*
To ensure compatibility between countries and
manufacturers, CCITT has specified standards for the
operation and performance of audio group delay and
attenuation distortion measuring equipment (see
box). Not only does the Model gTTOAmeetthese compatibility requirements, but it also incorporates principles that give significantly improved accuracies
over those recommended. At the same time, operation
has been simplified so that relatively untrained personnel can achieve accuracies hitherto possible only
in the laboratory.
In addition to measuring relative group delay and
attenuation, the Model 377OA also fills the role presently occupied by traditional level-measuring
equipment since the receiver can measure absolute
levels, and the output level of the sender is calibrated.
Basic Operation
A simplified block diagram of the new Model s7 7oA
Amplitude/Delay Distortion Analyzer is shown in
Fig. 2. The instrument combines sender and receiver
-Thel\4odel
1645AoataErrorAnalyzer,2
alsof0r checking
digitaltransmission
cnanners,
measures
performance
overalldigital-to-digital
but doesnotdirectlycharacterize
theanalogchannel
itself.

r$*
I

in one unit, Although they share the same power supply and frequency display, sender and receiver are essentially independent and operate simultaneously.
With two analyzers, a pair of channels can be evaluated in both directions at the same time. Otherwise,
only the sender or receiver section is used at either
end for single-path measurements. The analyzer may
also be used either as a sender or as a receiver with
other equipment that conforms to CCITT standards.
The Model 3z7oA operates as follows:
r The reference frequency is set by a thumbwheel
switch. 1.8 kHz is generally used but any other frequency from 0.4 to 19.9 kHz is selectablein 100-Hz
steps.
r For swept-frequency measurements, the sweep limits of the measurement frequency are selected by
two thumbwheel switches in a range from O.2 Io
19.9 kHz in 100-Hz steps, a range that allows measurement of special purpose audio channels as well
as voice channels. Sweeps can be single or repetitive.
r The output level is selected. The output range is 0
to -49 dB (600OJ in 1-dB steps.
r The operator then commands the instrument to
sweep once, or to sweep repetitively.
r The operator at the receiving end merely selects the
type of measurement to be made (delay or attenuation) and the instrument then displays frequency
and delay over a range of -10 to *10 ms (or attenuation in a -r40 dB range or level in a -50 to *10

(Transmission channel being measured)
RECEIVER

Timing
Signals
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Fig. 2. Block diagram of the
Model 3770A AmplitudelDelay
DistortionAnalyzer. Sender and
Receiversectionsshare the same
power supply and frequency display but operate independently.

dBm range). No range setting is required.
The instrument also has X-Y recorder outputs for
obtaining graphs of delay and/or attenuation vs frequency (Fig. 3).
For single-frequency measurements, the measuring
frequency is selectable manually in 1O-Hzsteps. Spot
checking a channel is facilitated by a front-panel
pushbutton that steps the frequency in precise 100-Hz
increments.
A rear-panel switch converts the instrument to an
unmodulated level measurement mode for absolute
level measurements. Modulation is removed and carrier changeover is inhibited so that a pure tone at the
measurement frequency is transmitted. All of the
measurement frequency controls are effective in this
mode.
Optional features allow for loopholding and for
tone blanking. With the latter option, selected frequency bands are skipped during a sweep so the test
will not activate signalling-tone equipment.

Measurement of Amplitude and
Delay Distortion
Groupdelay,oftenreferredto as envelopedelay,is the delay
in transmission
of informationmodulatedon a carrier.In general,
it is not the same as the phase delayof the carrieritself.
ln a groupdelaymeasurement,
the modulatingfrequencyremainsconstantwhilethe carrierfrequencyis steppedor swept
across the frequencyband of interest.Phase delay in the
modulating envelope as Ihe carrier frequency varies is a
measureof group delay,
It is not possibleto measureabsolutegroupdelayin an endto-endmeasurement
but neitheris this of any specialinterest.
The importantcharacteristic
is relativegroup delay.Thismust
be constant over the band of frequenciesof interest,else it
will introducedistortionin a complexwaveform.
Two techniquesfor measuringgroup delay have been in
commonuse.Onerequiresan auxiliary
channeleitherf or transmittinga referencesignalfor phase comparisonwith the test
signalat the receivingsite,or for returningthe test signalensitefor comparison
velopeon a fixedcarrierto the transmitting
there.The othertechnique,applicableto short{ermmeasureoscillator
to recreatethe
ments,usesa stablecrystal-controlled
envelopeas a referenceat the receivingsite.
The techniquespecifiedby CCITT(lnternational
Telegraph
and TelephoneConsultative
Committee)in Recommendation
O.B1suppliesthe referenceenvelopeto the remotereceiveron
the samechannelas the test signal.Thetwo carriersare transin alternatetime slots,as shownin the diamittedsequentially
gram. Differinggroup delaysin the channelat the measuring
and referencecarrierfrequenciesresultin a phase difference
betweenthe envelopesof the two modulatedcarriersat the reof this phasedifference,expresceivingend. A measurement
sed as a time interval,is the measureof group delay.
Diffdringchannelattenuations
at the two carrierfrequencies
lead to differingreceivedcarrierlevels,giving a measureof
attenuation-vs-frequency
distortion.
Clearly,thisand the groupmustbe accompaniedby frequencyinfordelaymeasurement
mation,so thereceivermustbe ableto determine
the measuring
frequencyin use at any moment.
The envelopefrequencyand the rate of carrierchangeover
are includedin the CCITTrecommendation.
To synchronize
the
receiveroperationto the carrierchangeover,
the recommendation includesa 4-cycleburstof identifying
modulationinserted
at the end of each referencecarrier period.
Also includedis a specification
of the instantsthatthe signal
is samoled for measurementinformation.To allow time for
switchingtransients
to die down,measurements
are madewithin a 24-mswindowjust priorto the carrierchangeover.

Group Delay Measurement
In the past, group-delay measurements commonly
relied on a measurement of envelope phose shift.
Knowing the envelope frequency, r,r",it is possible to
scale the phase shift A0 to arrive at group delay,
Lfllo". However, any deviation in the envelope frequency from its nominal value results in an error.
Although the CCITT recommendation allows up to
1/o envelope frequency ertor, an early design objective of the 37704 was to eliminate this source of errors by eliminating envelope frequency as a parameter in the measurement. This was done by using a
dual time-interval measurement to derive group delay
directly without the need for phase scaling.
Group delay is the time interval t, indicated in
Fig. a, which shows the demodulated waveform at
the receiving end when the channel being measured
suffers both relative group delay and relative attenuation between measurement and reference frequencies.
A non-delayed waveform would appear as the dashed
line in the measurement interval.
The dashed line would not exist in reality, however,
so the measurement must be made with respect to the
adjacent reference frequency periods. In the Model
377OA, the reference points are the first zero-axis
crossings (points A and A') after the beginning of the
24-ms acceptance "window". The instrument then
m e a s u r e st r , o r A t o B , a n d t r , o r B t o A ' . S i n c e t 1- t * :
t, * tr:

Single 240 ms Period of 4.16 Hz
Carrier Changeover Frequency

; u: t2t - t '

/a
ldentifying Burst ol /
166.5 Hz Modulation

Using this technique, total reading errors in group
delay measurement with the 377OA are Iess than 5 g,s
+1o/o of reading from 0.6 to 20 kHz (see specifications, page 24). No adjustments are required on the

CCITT standard group delay and attenuatton test signal.
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and storing the result.
The output of the ROM is applied to a digital-toanalog converter, generating a sampled-and-held
stepped sinewave as the accumulator steps the ROM
through the indicated addresses. Because the stepping frequency is many times higher than the sinewave frequency, low-pass filtering easily removes
the steps to give a clean sine wave. Fig. 6 shows the
output spectrum while the synthesizer is generating
a'[.-kH.ztone. Except for harmonics of 1 kHz, spectral
components are more than 80 dB below the fundamental.
Clearly, the output frequency is proportional to the
speed with which the addressing advances through
the sample table stored in the ROM. Higher frequencies thus have fewer samples per cycle. To simplify
the filtering, the clock rate was made high enough
(327,680Hz)to generateabout 1.6samples per cycle at
the highest output frequency (2OkHz). The clock rate
is exactly 10x the number of stored samples (215)so
the lowest output frequency would be 10 Hz and all
other frequencies are multiples of 1,oHz. The low end
of the instrument's range, however, is restricted to
O.2 kHz.
Several advantages accrue from use of this synthesis
technique. First of all, the output frequency is controlled by the clock frequency, which is derived from
a crystal-controlled oscillator. The accuracy of any
output frequency is within -+O.1o/o.
Second, digital control gives flexibility and general
ease in frequency control. Frequency is set precisely,
and the sweep limits are accurate.
Third, switching between reference and measurement frequencies causes no transients in the output.
A change in frequency is effected simply by incrementing the ROM address by a new value. Hence,
there is no jump in phase when the frequency is
changed.

5
.-

CCF

Recommendation M. t02

4
3
2
1
0

ts

I

Ir
I
3

kHz

Fig,3. Recording of a typical group delay measurement,this
one being made over an international data circuit that included two satellite hops. Therecording showsthat the channel does not quite meet the requirements of CCITT performance recommendation M.102 and thus needs suitable
equalizationnear the band edges.

part of the operator to obtain this accuracy.
Precision Carrier Frequency Control
The test waveform recommended by CCITT for
group delay measurements demands unusual agility
on the part of the sender carrier frequency. To implement this with accuracy but without requiring awkward adjustments on the part of the operator, digital
waveform synthesis is used.3
A diagram of the synthesizer is shown in Fig. 5.
Within a read-only-memory (ROM) the equivalent of
some 215 words are stored, corresponding to equispaced samples of a sine wave taken over exactly one
waveform cycle. The ROM is addressed by an accumulator whose 1s-bit contents at any instant.correspond to a sinewave angle. On each clock pulse, the
accumulator is incremented by an amount proportional to the desired output frequency. This is accomplished by adding the increment to the previous word

Fig.4. Demodulatedenvelopeof
received waveformthat was subjectto relativegroup delay (tn)and
relative attenuation (VpMy).
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CarrierFrequency
BCDword From
ControlLogic

Filtered
Sine Wave

Sample
Clock

Fig, 5. Synthesizeroutput frequency is determined by the clock frequency (crystal-controlled
in the Model 37704) and by the magnitude of the address increment.

ROMReduction
In practice, storage of. 32,768 (215)sinewave
sampleswould have been economically impractical.
An immediate four-fold reduction is achievedby storing samples for one quadrant only, and reusing the
data appropriately to derive the other quadrants.
A further reduction of significant proportions was
achievedby use of the relationship (valid for small B):
s i n ( A + B ) : s i n A 4 c o sA ' s i n B
A relatively few values of A may then be used to give
coarseangular resolution and small values of B can
increment the angles between values of A. The ROM
stores 64 magnitude values of sin A equispaced
throughout a quadrant which, of course,also gives 64
magnitude values for cos A. Then the ROM has 64
values for sin B magnitude but since negative values
ofB can be used,theseonly have to have a range sufficient to interpolate half-way between the values for
A. Sign information is supplied by the accumulator
register.
Thus, the real-timecalculationof eachsamplevalue
from reduced sine function information enables a
ROM of only LO24bits to be used. Without this reduction, the techniquewould not have beeneconomically
practical.
DigitalControlSystem
Operation of the carrier digital control system is
shown in Fig. 7. Its purpose is to present to the
synthesizer a digital word, i.e., the accumulator
increment, that correspondsto the carrier frequency
required at any instant. In response to the carrier
changeoversignal, a multiplexer switches the source
of this word at a4.766-Hzrate between the front-panel
referencefrequency thumbwheel switch and a register containing the measurementfrequency.
The measurement-frequencyregister is incremented
or decrementedby clock pulses from an algorithmic
19

statemachine. When the operatorselectscoNTINUoUS
swEEP,the register initially is incremented towards
the value set on swEEpLIMITB, thereafter continuously
reversing direction on reaching either A or B (the
sweep limits were named A and B rather than upper
and lower becauseit is quite permissible to reverse
their roles). Sweep incrementing is synchronized to
the carrier changeoverso there is no changein carrier
frequency during eachmeasurement-frequ
ency period.
moves
toward
swEEP
frequency
In swcre swEEp,the
thereControl
LIMITB and then stops automatically.
upon reverts to the MANUALtuner. Rotating the
MANUALtuner knob turns an optically-fringed disk
that interrupts a light path, generating up-count or
down-count pulses.The absoluteposition of the knob
has no relationship to frequency-it merely acts as a
direction-sensitivepulse generator.
Pressingthe Rnsnrbutton loads swerp LIMITA into
the register,immediately returning the measurement
Hzbutton issuesa burst
frequency to A. The srEP-100
of 10 incrementing pulses to the register, achieving
an apparently instantaneousjump in frequency. These
two buttons are effective onlv in the manual mode.
ToneBlanking
For tests on systemsthat may have signalling-tone
receivers,the Model 377oA is availablewith a tone
blanking option that prevents the instrument from
transmitting in small frequency ranges (one or two)
centeredabout the signalling tone(s).The rangesare
factory programmedby jumpers on the printed-circuit
board included as part of the option.
The range limits programmed on the card are continuously comparedto the carrier frequency word. If
the measurementfrequency is swept or tuned into
this range,the algorithmic statemachine issuesclock
pulses rapidly until the other extremity of the range
is reached,giving an apparently instantaneousjump

A Group Delay Standard

_l

Flg.6. Frequency
spectrum
ofthesynthesizer
output(before
modulation)
whengenerating
1 kHz.
acrossthe range.
The referencefrequency is also monitored. If this
should be set within a signalling-tonerange,the multiplexer is inhibited and the measurementfrequency
is then sent continuouslv.

ReceiverOverview
A more detailed block diagram of the receiver circuits is shown in Fig. 8. The receiverdemodulatesthe
signal and normalizes the envelope amplitude for
operation of the group-delay measurementcircuits.
In a secondchannel, it measuresthe averagedc level
of the demodulatedsignal for determination of attenuation and absolute level. The 166.6-Hz identifying
burst, used to synchronize the measurements,is separated from the demodulated waveform in a third
channel. A fourth channel measuresthe carrier frequency.
After demodulation,the envelopesignal undergoes
logarithmic conversion. This servesa dual purpose.
The dc componentsof the demodulatedsignal represent the carrier levels and, when converted logarithmically, they are suitable for expression in dB and
dBm. It is merely necessaryto measurethe two carrier
levels digitally and subtract the results to obtain a
reading of relative attenuation in dB.
The other purpose is to equalize the peak-to-peak
swing of the two envelopes,which simplifies filtering
and limiting. Equal peak-to-peakswings occur regardless of the incoming levels of the two carriers
becausethe incremental gain of the log converter is
inversely proportional to the dc level.
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Althoughthe Model 3770A's direct techniquefor measuring
group delay requiresno calibrationadiustments,a group delay
standardis includedin the sender.Thisis usedto give a quick,
overallverificationof system operation.
Whenthe front-panelcHEcKbuttonis pressed,the 41.6-Hz
modulationenvelopealternatesbetween its normalphase and
a phasedelayedby preciselyl ms. Sincethisgivesthe carriers
a correspondingrelativeenvelopedelay, a receiverinterprets
the signal as though a transmissionnetworkwith 1-msrelative
group delay were being measured.As a furtheraid, the cneo<
buttonalso introduces3-dB of relativeattenuationat the sender
output.
A highlyaccuratemeansfor introducinga phase delay for
this test was easilyincorporatedinto the circuitsthat generate
t h e 4 1 . 6 - H zm o d u l a t i o ns i g n a l .A s s h o w n i n t h e d i a g r a m ,
41.6-Hz squarewaveis derived from a 1-kHzclock by digital
techniques.The squarewave is filtered by a discrete-delay
transversalfilter, consisting of a shift register with weighted
taps,thatremovesharmonicsup to the 1oth.A simplelow-pass
filter attenuateshigher harmonics.This filtering arrangement
ensuresthatthe phaseof the 41.6-Hzsinewave is maintained
in accurate relationshipto the carrier changeover,as specified by CCITT.Althoughof no consequenceto the operationof
the 37704 receiver,this preciserelationship
wouldbe required
by some other receivers.
The 1-msphasedelayis introducedby a flipJlopclockedby
the 1-kHzsignal.Whenthe f ront-panel
cnecrbuttonis pressed,
the low period of the changeoversignal closes gate B and
opensgate A, insertingthe flip{lop in the signalpath.Thisin effect introducesa 1-msdelayintothe 41.6-Hzsquarewave,
and
thus intothe modulationenvelope.The accuracyof the phase
delay is equivalentto that of the masterquartzoscillator,higher
thanthat ordinarilyobtainablefrom a delay network,particularly
for longerdelays(delaysup to 10 ms generatedthisway have
shown agreementwith 37704 receiverstypicallyto 0.03%). In
back{o-back connectionof two 3770's,the delay measuredby
the receiveris typicallywithin0.1%, some 10 timesbetterthan
quotedspecification.
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The converter operatesover a 60-dB inputrange so
no range changing is required at the input. The converter doesintroduce distortion into the envelopebut
this is of no consequenceto the measurements.
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CountingGroup Delay
Group delay is measured with a bi-directional
counter. As shown by waveform "d" in the diagram
of Fig. 9, the counter counts up during the interval
Gv (tr) and down during Gn (tr). The residue in the
counter is proportional to group delay.
If the incoming signal is noisy, readings can be
averagedby continuing the up-down sequencefor 4
or 16 consecutivemeasurementcycles and dividing
the result by appropriate register shifts.
To obtain a clean waveform for accurategroup delay measurements,a narrowband +t.6-Hz filter is
needed,but the time required for a narrowband filter
to settle down after a shift in envelope phase could
introduce enors. The use of a blanked filter solvesthe
settling problem. About 40 ms prior to a measutement
window, the blanking logic is enabled. It unblanks
the filter on the next wavefolm zero crossing (waveform 9c). The envelopesignal then developsfromthis
zero crossing without the transients that otherwise
would occur. It is blanked again when the timing
window has passed.A narrower filter than otherwise
would be possiblemay thus be used.
CountingAttenuation
Attenuation measurementsare made by the dualslope technique commonly used in digital voltmeters.aAs shown by waveform ge, an integrator
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chargesat a rate proportional to the measurementcarrier level for the duration of the 24-ms acceptance
window (by making the integrator charging interval
exactly 24rllrs,the 41.6-Hz envelope is averagedout
of the measurement).The counts accumulatedwhile
the integrator subsequentlydischargesto zero under
control of a fixed reference voltage (period Ay in
waveform "e" of Fig. 9) becomesan indicator of the
measurementcarrier level (Fig. 9f). This is compared
to the referencecatrier level by counting down for the
reference carrier measurement (Afl. In the case
shown in Fig. 9, the referencecarrier level is lessthan
the measurementcarrier so the countreverseswhen it
arrives at zero and the negative sign is set.
For absolute level measurementsof either carrier,
a fixed referencecorresponding to 0 dBm is substituted for the carrier level not being measured'
Since attenuation, absolutelevel, and group delay
measurementsuse similar counting techniques, the
sameup-down counter and control logic are used for
all three. Attenuation and absolute level measurements, as well as group delay measutements,may be
averaged.
Measurementresults are presenteddigitally in the
right-hand part of the display, a front-panel switch
selectingattenuation,level,or group delay for display'
Measurementresults are also applied to a digital-toanalog converter for use by an X-Y recorder.
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Fig,8, Block diagram of receiver. Circled numbers reler to the waveforms in Fig. I

FrequencyMeasurement
The frequencyconditioning circuit enablesthe carrier frequency to be measuredover the full input amplitude range of the instrument (-50 to *10 dBm)
without opemtor attention and with good noise immunity. It usesa non-linear amplifier that gives high
gain for low-level signals and a gain of about one for
high-level signals. A self-biasing comparator triggers on the positive peak of the signal and another
triggers on the negative peak. These alternately set
and reset a flip-flop to generatea squarewave at the
same frequency as the input.
The 100-ms counter gating interval is synchronized
to a zero crossing of the measured signal. This removes a -f 1 count ambiguity, equivalent to -{-10Hz,
which would occur if the gating period and the signal
were uncorrelated.As a further refinement,both positive and negative waveform transitions are counted
and an additional count is then addedbeforedividing
by 2 with a one-placeshift. This hasthe effect of rounding the answer up or down, depending on which
lO-Hz step is nearest.The instrument thus has a basic
-+S.Hzaccuracy in frequency measurements.
The results of a frequency measurementare presented digitally in the left-hand part of the display
and are applied to a D-to-A converter for an X-Y re22

corder. A front-panel switch selects the receiver or
the senderfrequency (referenceor measurement)for
display.
EfficientPackaging
Complex as this instrument may seem to be internally, servicing is simplified by the use of plug-in
circuit boards to provide quick accessto component
assemblies.The front panel tilts down to give access
to front-panel components, otherwise often difficult
to reach, without need for electrical disconnections
(Fie.r0).
The instrument is housed within a compact, easyto-carry cabinet. A major contributor to the instrument's compactnessis the highly efficipnt switchingregulated power supply that sharply reducesthe size
and weight of the power transformer.Though obtaining an efficiency of Tso/o,this power supply has a dc
regulationbetterthan 0.01%at a full40W load with
wide -r20% variations in line voltage.
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David H. Guest
led to
DavidGuest'searlyinterestin amateurradioeventually
a B.Sc.degree at Heriot-WattUniversity.On graduatingin
workinginitiallyon some
1970,he joined Hewlett-Packard,
investigativeproductsand working part{ime on an M.Sc.
contributedto the 3761A Bit Error
degree.He subsequently
Detectorthen joined the 37704 proiect,becomingproject
are purerelaxationleaderin 1973.Davids'sparetimeactivities
enloyingthe wildlifeand open spacesof his nativeScotland
Fig. 10. Circuitsare readily accessib/efor service
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and analog circuits resulted in a much finer product, of PeterRigby for ideas and much of the design
of the delay and frequency measuring circuits, of
Aileen Appleyard for her persistencein the design of
the identification detection and timing circuits midst
ever-changingrequirements,of Mike Ramsayfor development of the sender control logic, of Rajni Patel
for painstaking development of the efficient switchingregulatedpower supply, of David Leahy who initiated
the mechanical design and Tony Cowlin whose design details added refinement to the concept, of
Stuart Rosswho ably guided the instrument into production, and of Mario Pazzini, who provided broad
technical experienceas project leader during the ear-
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